1. One cannot maintain a continuous exponentially decaying 
flow of medication which is required for the treatment of some 
disorders; 

2. The absence of a continuous, control lably decaying 
outward flow from the pump outlet (such as a catheter) can 
result, due to the body's functioning, in the clogging of the 
outlet (or catheter) tip? and 

3. The absence of flow resistance or restriction at the 
output allows the possibility of an inadvertently high 
medication flow rate into the body f in the event of bellows pump 
runaway. " 


Page 4,^Hrie 17-r~cfelete "entering" and replace therefore 


— being inadvertently released into — . This amendment was 

r f 

previously incorrectly requested 1 for line 7. 


In the Description of the Drawings : 
Page iJ^line 14, before "sample* 


insert — a — . 


In the Description of the Invention ; 

Page IQ^line ter "physician" insert — . — . 

Page 25, line 3, was incorrectly amended to place two commas 
after "interrogation" and no commas after "programming". The 
line to read correctly should have one comma after "programming" 
and one comma after "interrogation". 

Page 27< x 1^i^^ , ^has been incorrectly amended so that the 
numeral "400" now appears twice after "unit". The numeral 400 
should only appear once after "unit" on this line. 


In the Claims ; 

Kindly cancel all claims presently in the application,' 
without prejudice, and replace therefor the following new claims 
85 through 726; 


> ■ 

r 
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I A programmable, infusion system for providing medication 

' $1 o- 

to a living body^compri sings 

P 

i ( an infusion apparatus for implantation in said living body, 
said apparatus including 

a medication reservoir for storing selected medication, 
y means for infusing said selected medication stored in 
said medication reservoir into said living body, said infusion 
means having at least one remotely commandable operational 
characteristic , 

P 

command receiver means coupled to said infusion means 

for receiving command signals, and 

f 

j" } means for telemetering operational information 
pertaining to said infusion apparatus out of said living body? 


I | command source means external to said living body for 
transmitting said command signals to be received by said command 
receiver means ; and 


means for receiving said telemetered operational information 
external to said living body. 

y ^8^. A programmable infusion system in accordance with claim 
wherein one of said command signals transmitted by said 
command source means comprises a signal which corresponds to a 
selected operational rate at which said infusion means will 
infuse said selected medication into said living body. 

I -arT A programmable infusion system in accordance with claim 
wherein said command source and said telemetry receiving 
■ means are embodied in a patient programming unit external to 
said living body, said patient programming unit having a 
plurality of operational medication dose inputs each 


n 


3 


3 


5 


corresponding to a medication infusion rate selectable and 
requestable by the patient, said patient programming unit for 
selectively transmitting a command signal corresponding to a 
selected^ said medication dose input . 

A A 

^ l • 

A programmable infusion system in accordance with Claim 
s&f, wherein said infusion apparatus further comprises electronic 
control means coupled to said infusion means and said command 
receiver means, said - oloatrio control means for maintaining a 

4 A 

history of the infusion rate at which said infusion means has 
operated, said electronic control means^for precluding the 
infusion of said selected medication by said infusion means if 
said rate requested by said patient programming unit exceeds a 
predetermined safe medication infusion rate based on said 
maintained history. 


IjX, 


A programmable infusion system in accordance with claim 
wherein said electronic control means is coupled to said 
telemetry means, said patient programming unit including means 
for indicating to said patient if said selected infusion rate 
exceeds said predetermined safe medication infusion rate, said 
^aolccti¥e--control means selectively sending a signal to said 
indicating means via said telemetry means and said telemetry 
receiving means, said telemetry receiving means being coupled to 
said indicating means. 




$ 


Ji&r' A programmable infusion system in accordance with claim 


wherein said patient programming unit further comprises 
annunciator means and visual display means for providing 
information regarding previously selected medication infusion 
rates, for indicating whether a proper programming of a 
presently requested infusion rate has been communicated to said 
command receiver, and for selectively providing information as 
to the time and rate of previously selected medication infusion. 


y 


.A 
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-91T A programmable infusion system in accordance with claim 
Jp#*, further comprising means for selectively supplying power to 
said command receiver means, said supply means being coupled to 
an external power source, said supply means being external to 
said living body, said infusion means being powered by an 
implanted power source . 

c 

A programmable infusion system, in accordance with 
<£laim wherein said supply means provides an alternating 
field. 


/ 9*7 / 


/ A programmable infusion system, in accordance with 
clain^3r2f, wherein said infusion apparatus further comprises 
detector means for detecting said alternating field and for 
converting the same into electrical energy, said detecting means 
being coupled to said command receiver. 




lO 

£*47 A programmable infusion system in accordance with claim 
^#57 wherein said infusion apparatus further comprises means for 
rectifying said electrical energy into a d.c. power signal. 

£ 

^-957 A programmable infusion system m accordance with 
claim wherein said d.c. power signal is coupled to said 
implanted power source to effect the charging thereof. 


& 

*#$7 A programmable infusion system in accordance with claim 
wherein said telemetry means is coupled to said rectifier 
means and is powered by said d.c. power signal. 




X' 


yf. A programmable infusion system in accordance with claim 
% wherein said telemetry means is also supplied power by said 


supply means. 





A programmable infusion system in accordance with claim 
further comprising means for selectively recharging said 
implanted power source, said recharging means being powered by 
said supply means . 

/*r 

j ^2-9^ A programmable infusion system in accordance with claim 
^85", wherein said infusion means comprises a fluid handling 
mechanism for delivering said selected medication, said 
operational information including information about the 
operation of said fluid handling mechanism. 

& , 

A programmable infusion system in accordance with (plaim 

wherein said fluid handling mechanism comprises means for 
pumping said selected medication. 

\ f 101. A programmable infusion system in accordance with clgim 

\ < 1 ' ^ ft It /.■:/*;? ft ' , . 

\ - : 100 , wherein *the /dmbpnt of medication pumped by said pumpiag ■* 

^ $ /,<. \ 

- means . ±s_ c ohTr — ■ ™ ~ ~ v 4 - ^ ™ 


-pressure^:rimU-tlin said- - pump- mean s . 


■ \ f 1 


■ ! 




jj j ^ JkftTT A programmable infusion system in accordance with claim 
\ wherein said pump means operates in a pulsatile mode. 

1 #. 

. A programmable infusion system in accordance with claim 



lp^, wherein said pump means pumps a fixed volume of said 
| selected medication each time said pump means is pulsed. 

! JZP 

\ A programmable infusion system in accordance with claim 

! /i? 

wherein said pump means comprises variable volume means for 


l storing said selected medication within said pump means, an 

p 

increase in volume of said variable volume means permitting 
| drawing of said selected medication into said pump means, a 

t 

j decrease in volume of said variable volume means permitting 
j expulsion of said selected medication from said pump means. 


i- 

j 
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f 105. A\ programmable infusion system in accordance with claim 
104, whereim said variable volume means comprises at least one 
flexible wall\ movement of saic/^lexible wall varying the volume 


of said variable; volume meansN^and means for moving 
flexible wall. \ 


said (udCtr***- 
A 


106. A programmable infusion system in accordance with claim. 

105, further comprising spring means for urging said^wall in a 

manner which decrease s^Sie volume of said variable volume means, 

the magnitude of theQfo^ppb applied to and stored by said spring 

means increasing as the volume of said variable volume means 

\ *XJ u^A 

increases due to the displacement of said flexible wall thereof 

\ A 

by said moving means. \ 


107. A programmable infusion system in accordance with claim 


\ 106, wherein said^fexible wall comb r i ses a bellows assembly 

\ having mounted on one end thereof a plate, the other end of said 


; bellows^being* in communication with said selected ntedication, 

\ \ 

| the walls of said be 1 lows^ serving as said spring means. 


^ A programmable infusion system in accordance with claim 

J&n, wherein said plate has a surface in contact with said 
selected medication when drawn into said variable volume means. 


7 A programmable infusion system in accordance with claim 


J7 wherein sa 


said bellows, is i 


nhibited from moving said plate 


when the pressure (p) in said variable volume means exceeds the 
spring force (F) of said bellows divided by the wetted area (A) 

A 

of said surface of said plate in contact with said selected 


medication, that is when p > -*•* 


^ -Wr 6". A programmable infusion system in accordance with claim 


-LO-TT wherein^said moving means 


7 



magnotinabio » ond a coil disposed proximate to said plate, said 
} t < 

coil selectively radiating a pulsing magnetic field, pulsing of 
said coil causing said plate to be moved. 


si, A programmable infusion system in accordance with claim 

ojL 

wherein said plate comprises a permanent magnet. 

. A programmable infusion system in accordance with claim 

-ir&TJ further comprising means for limiting the distance said 

Ow ck 

plate can move in both^stjB volume increasing direction and^jfejig 
volume decreasing direction. 




A programmable infusion system in accordance with claim 

wherein said infusion means further comprises: 

-n 

\ * an interface pressure through which said selected 

51 /[ 

medication enters said variable volume means from said 
medication reservoir, said interface pressure valve being 
normally closed; 

Pi an outlet chamber which is in communication with said living 
body; and 

Q 

| j an outlet pressure valve located between said variable 
volume means and said outlet chamber, said outlet pressure valve 
being normally closed, an increase in volume of said variable 
volume means causing said interface pressure valve to open and 
medication to enter said variable volume means, a decrease in 
volume of said variable volume means causing said outlet 
pressure valve to open and said interface pressure valve to 
close, so as to permit medication to enter said outlet chamber 
as a pressure pulse. 


9-i 


v> 

-1WC A programmable infusion system in accordance with claim 


wherein said outlet chamber comprises an elastic wall 
having a fluidic capacitive effect on the flow of said selected 


8 



medication and a filter element through which liquid flow to the 
said body is resisted, said elastic wall and said filter 

A 

comprising a fluid resistance - capacitance arrangement with 
respect to said flow of said selected medication from said 
outlet chamber into said living body. 


3 J 


-3*i6r: A programmable infusion system in accordance with claim 
further comprising means for feeding said selected 

A 

medication into said living body from said pump means in a flow 
which decays exponentially over time. 

A programmable infusion system in accordance with claim 


M. 


wherein said feeding means comprises a mechanical 
resistance (R) and a mechanical capacitance (C) circuit 
resulting in an exponentially decaying outflow of medication for 
each said fixed volume pulse. 




-WT. A programmable infusion system in accordance with claim 

\ 

r T wherein said infusion means further comprises an outlet 
chamber which is in communication with said living body, said 
pi^^jTigaiis expelling said selected medication into said outlet 
anc! means for monitoring the operation of said pump 

A 

means, said monitoring means being disposed in said outlet 
chamber and providing a signal in response to a pressure pulse 
in said outlet chamber caused by said pump means, said 
monitoring means being operably coupled to said telemetry means. 




A programmable infusion system in accordance with claim 


v 

44^, wherein said monitoring means comprises a pressure 


transducer. 


2f 

^ 2 ^ A programmable infusion system in accordance with claim 

UfT, further comprising first means for indicating the operation 

/; f'i 


9 



of said pump means when a decrease in volume of said variable 
volume means is not followed by a signal from said monitoring 
means corresponding to a pressure pulse of said selected 
medication expelled into said outlet chamber, said first 
indicating means being operably coupled to said telemetry means. 

/ A programmable infusion system in accordance with claim 
vrfTfurther comprising second means for indicating the operation 

j : ' * 

of said pump means when a signal is provided by said monitoring 
means absent a decrease in volume of said variable volume means 
"oawod by , paid - i tkw i ng-^mcuTrs , said second indicating means being 
operably coupled to said telemetry means. 


Ik 


£ 


. A programmable infusion system in accordance with claim 


WHIT further comprising means for monitoring the operation of 
said pump means, said monitoring means being operably coupled to 
said telemetry means. 


$ 


A programmable infusion system in accordance with claim 
±2*7 * wherein said monitoring means comprises pressure sensing 
means disposed in the path of flow of said selected medication 
into said living body, said pressure sensing means providing a 

signal in response to a pressure pulse in said path of flow. 

3 ^ 

7 

v~'^rTl23. A pj^arammable infusion jsy stem in accordance with claim 
; 122, ^further comprising first means for indicating the operation 
of said pump means w£$n a decrease in volume of said variable 
volume means is not^ fpi^owed by a signal from said monitoring 
|means corresponding to a pV^ssure pulse of said selected 
| medication expelled into saidN^utlet chamber, said first 
vindicating means being operably coupled to said telemetry means. 


10 





j-2<7 A programmable infusion system in accordance with claim 


further comprising second means for indicating the 
operation of said pump means when a signal is provided by said 
monitoring means absent a decrease in volume of said variable 
volume means ^an^ed by nni.d movlny' 'muaris, said second indicating 
means being operably coupled to said telemetry means. 




A programmable infusion system in accordance with ilaim 

\ ^ 

-©■^Twherein one of said remotely commandable operational 

■ chagaotoriote - icg - comprises an infusion rate variable on command, 

4 ' 

said infusion apparatus further comprising means for inhibiting 
said infusion means from infusing said selected medication if a 
preselected medication infusion rate is exceeded by a commanded 
infusion rate, said inhibiting means being operably coupled to 
said infusion means . 

A programmable infusion system in accordance with claim 
wherein said inhibiting means comprises at least one means 
for defining a fixed infusion rate limit. 

$2 

l^zTV A programmable infusion system in accordance with claim 

Ovv> — 

d&of wherein said means for defining a fixed infusion rate limit 

A 

is hardwired. 


¥ 




A programmable infusion system in accordance with claim 
wherein said preselected medication infusion rate is 
remotely selectable. 


4 ? 



| I A programmable infusion system in accordance with claim 

A&5*, wherein said preselected medication infusion rate comprises 
a. remotely selectable rate and a fixed rate, said remotely 
selectable rate being limited by said fixed rate. 


11 



kldL 

130. fl 


A programmable infusion system in accordance with claim 
129, wherein s\id inhibiting means comprises: 




% 




A 


at least one programmable rate memory unit coupled to said 

-A* 

command receiver mekps, each of said programmable rate memory 
units for receiving ahd storing an infusion rate input command 
corresponding to sa^a remotely selectable rate; 

at least one limit control unit each of which provides a 

\ > 

fixed rate limit; and 

means f^r/ comparing eacli\of said infusion rate input 
commands to '^corresponding sadd fixed rate limit, infusion of 
said medication at a rate exceeding said fixed rate limit being 
| -I nhibited -. 


P 




*3 


i. 


A programmable infusion system in accordance with claim 

cn . 

further comprising command decoder means for coupling said 
at least one Gjild - programmable rate memory . limite d to said command 

l‘ V /t 

receiver means, said command decoder means for decoding said 
command signals received by said command receiver means into 
said infusion rate inputs for receipt by and storage 4** said at l 
least one programmable rate memory unit . 

A A 


A 


& 


,, jSzT'a programmable infusion system in accordance with claim 
wherein each of said .limit control units .are- hardwired. 

A A 




& 


A programmable infusion system in accordance with claim 
further comprising means for generating an alarm signal 
when any infusion rate input command exceeds a corresponding 
fixed rate limit. 


€, 


go 


Htr3T. A programmable infusion system in accordance with claim 
wherein said inhibiting means precludes infusion of said 


medication by said infusion means when the selected said 



[/ 
t. ' 

'h 


commandable infusion rate exceeds said preselected medication 

cx> fLA 

infusion rate during a rfrixod - window of time. which shifts 

A 

continuously. 





A programmable infusion system in accordance with claim 


wherein said inhibiting means precludes infusion of said 
medication by said infusion means when the selected said 
commandable infusion rate exceeds said pgee elected infusion rate 

0^> A 

during a j££«ga - window of time. which shifts ^continuously. 

^116. A programmable infusion system in accordance with claim 
fl25, wherein said infusion means includes a pump means which 
executes in pulses, said inhibiting means comprising a 

programmablV memory rate unit coupled to said command receiver 

Lzx £U-‘vv^ 

| for storing initially a number corresponding to a first maximum 
| number of infusion pulses preselected as allowable during a 
jp first shifting tirrie window of a predetermined length, pulse 
| quantities being subtracted from said number stored in said 
| programmable memory ras^e unit as infusion pulses are executed by 
said infusion means, quantities being added to said stored 


i number as time elapseV^such that said number does not exceed 

I \ 

| said first maximum number, Said subtraction and addition being 

| accomplished in running integral fashion, said inhibiting means 

| \ i A v 1 ' ' '■ 

l not permitting pulsing of said p^imp means a number- of --times in 

$ ’ - * " m k \ r :'\ 

> excess of/ 'said* -number stored in Scd.d programmable memory rate 

l > 

| unit. 

I zi 



l 


-137. A programmable infusion system\in accordance with claim 
6 ^ wherein said memory rate unit also records the number of 

I pulses which have been inhibited and causes\said pump means of 

| \ 

I' said infusion means to execute said pulses whhn said pulses can 
| be subtracted, from said number stored in said programmable 


memory rate unit r as a result of the elapse of timte. 



' 138, A programmable infusion system in accordance with claim 

136, wherein s^kid programmable memory rate unit also stores 
initially anotheV number corresponding to a second maximum 
number of infusion^ pulses preselected as allowable during a 
second shifting timey window of a predetermined length, said 
second shifting time window being longer in length than said 
first shifting time/window, pulse quantities being subtracted 
from said another^ number stored in said programmable memory rate 
unit as infusion pulses are\executed by said infusion means, 
pulse quantities being added \o said another -stored^ number as 
time elapses such that said another . number does not exceed said 
first maximum number, said subtraction and addition being 
accomplished in running integral fashion, said inhibiting means 

\ J S T, , *t - 

not permitting pulsing of said pump means a number -of - timej; in 

W Vi Wwk \ 

excess of said another* number stored irk said programmable memory 




f J-33*. A programmable infusion system in accordance with claim 
7 wherein said rate memory unit also records the number of 


pulses which have been inhibited and causes said pump means of 
said infusion means to execute said pulses when said pulses can 
be subtracted from said i numbers stored in said programmable 

. A A 

memory rate unit. 


A programmable infusion system in accordance with claim 
wherein said inhibiting means further comprises at least 
one fixed infusion rate limit which limits the total maximum 
infusion rate of said infusion means. 






JnT. A programmable infusion system in accordance with claim 
wherein said fixed infusion rate limit is hardwired. 
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\ A programmable infusion system in accordance with claim 


/Hr/ further comprising means for generating an alarm signal 
when any commanded infusion rate results in the inhibiting of 
pulsing of said pump means by said inhibiting means. 


A P ro 9 rammable i] 
wherein said alarm signal comprises a subcutaneous 


infusion system in accordance with claim 


electrical stimulation. . 

A programmable infusion system in accordance with claim 
-4^97^ further comprising command decoder means for coupling said 
command receiver means to said programmable memory rate unit, 
said command decoder means for decoding said command signals 
received by said command receiver means into said first and 
secon^ ^numbers'^^ infusion pulses . 


4 » 


4437 A programmable infusion system in accordance with claim 


.425^ wherein said inhibiting means is operably coupled to said 
telemetry means, said inhibiting means providing a signal to 
said telemetry means for telemetering to said telemetry 
receiving means operational information pertaining to the 
functions of said inhibiting means. 


U2- 


41 


A programmable infusion system in accordance with claim 


further comprising means for generating an alarm signal 
when said inhibiting means inhibits said infusion means. 

V/-M7T A programmable infusion system in accordance with claim 
^ 0 ^, further comprising means for recording when said inhibiting 
means inhibits said infusion means. 




c* A programmable infusion system in accordance with claim 
, wherein said recording means is coupled to said telemetry 


j ^ 
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means, said recording means providing a signal to said telemetry 
means for telemetering to said telemetry receiving means 
operational information pertaining to said inhibiting means as 
recorded by said recording means. 


( 


6 ^ 


,ivJL- _ 


-W9T A programmable infusion system in accordance with claim 
said infusion apparatus further comprising means for 
generating a distinctive alarm signal pattern for each of a 
plurality of improper oporafcion^ conditions . 

A 


4.1 


\A programmable infusion s 


system in accordance with claim 


9,fwhere > ln' said’ alarm s igna 1' i s-de-l-i-ver ed to said living body 


subcutaneous! 


L ,J ' ,v 


P 


151. A programmable infusion system in accordance with claim 

1 15 0.,'^ further comprising means for detecting a medication leak^ 
coupled to' said alari^/means^ wherein one of said improper 
operation^ conditions comprises a medication leak out of said 
medication reservoir. 

152. A programmable^-d^futeion system in accordance with claim 

., f ., /J 

150, further comprising means ^for detecting a body fluid leak^ 
poofapled to said a la rnr means ^ wherein one of said improper 


operation, conditions comprises a r^ak of body fluids into said 
infusion apparatus. 



153. A programmable infusion system Yn accordance with claim 
tjf I 15 0, further comprising means for detecting the rate at which 
isaid infusion means is operating 'coupled to'said alarm, means', 

v j \ 

therein one of said improper operation^ conditions comprises 
peration of said infusion means at an improper Vate . 



154 A A programmable infusion system in accordance with claim 

\ X 

150, wherein one of said improper operation^ conditions comprises 
a command by said command receiver which cannot be 


receiving 
executed . 


(9 


155. A programmable infusion system in accordance with claim 
150, further comprising battery means for powering said infusion 


j means and means for determining the voltage of said battery ■' 

•; -f I? - 

A ,/ coupled to said alVrmTmeans’ wherein one of said improper 

y . \ 

operation condi tion^comprises low battery voltage. 


156. A programmable infusion system in accordance with claim 

tecting^ihe ^amount of 
'iw*t 


150, further comprising^ means for detecting^ihe ^amount of ^ 


medication disposed in Sc^id reservoir .coupldd to said a 1 army'-'*^''^ 
means, wherein one of sai^improper operationAconditions 
comprises a preselected amount of medication remaining in said 
medication reservoir. 


^ 157. A programmable infusion system in accordance with claim 

149, further comprising means for detecting a medication leak ; 
'coupled to said a 1 arm J ‘means ^wherein one of said improper 
operation '^conditions comprises a medication leak out of said 
medication reservoir. 


158. A programmable infusion system in accordance with claim 
149, further comprising means for detecting a body fluid leak^ 


jA-r 


^coupled to said aiafmAmeans ( wherein one if said improper 
operation 1 ; conditions comprises a leak of bpdy fluids into said 
infusion apparatus. 


159. A programmable infusion system in accordance with claim 
149, further comprising means for detecting thi rate at which 
said infusion means is operating 'coupled to said\alarm ; jneans, 

J.7 





160. A programmable infusion system in accordance with claim 

X J . . 

. 149, wherein\one of said improper operation conditions comprises 
receiving of a\ command by said command receiver which cannot be 
executed . 


161. A programmable infusion system in accordance with claim 
149, further co^grvj^Lng ^battery means for powering said infusion 
means and means for determining the voltage of said battery/. 

i coupled to said alarm means wherein one of said improper 

i \ 

operation’ condition^ comprises low battery^ voltage . 


162. A programmable infusion system in accordance with claim 
; 149, further comprising means^ for detecting the amount of 
i medication disposed in said re^ervoi:^ ' coupled to said alarm 

\ \y 

j means, wherein one of said improper operation conditions 
j comprises a preselected amount ofV medication remaining in said 
j ' med i cation rGoer^ t oix 

jjk 

/ A programmable infusion system in accordance with claim 

further comprising means for simulating said improper 
operational conditions for test purposes. 

16 

j Jr64 -r* A programmable infusion system in accordance with claim 

■^7’ wherein said infusion means includes means for pumping a 

preselected amount of medication into said living body, said 

infusion apparatus further comprising means for recording the 

rate at which p umping is effected by said pumping, means. 

A 

65. A programmable infusion system in accordance with claim 
^{4.64, wherein sai^f r^s^rding means comprises: 




means fbr storing the rate at which said pumping- means pumps 
over a preselected time period; 

means for ^storing a programmable input corresponding to a 
minimum medication infusion rate; and 

means for cowering the rate recorded by said recording 

- -yQ .r v~ 

means to the rate Stored in sai'd storing means. 


166. A programmable infusion system in accordance with claim 
165, further comprising\means for providing an alarm signal when 
said rate recorded by saiM recording means is less than said - 
minimum medication infusion rate. 


& 




« t6 7T A programmable infusion system in accordance with claim 


-2rff5T wherein said recording means is coupled to said telemetry 
means for telemetering information Reduced by said recording 
means out of said living body. 


% 



T A programmable infusion system in accordance with claim 


-iCTT wherein said recording means comprises : 


Pi 


| means for storing the rate at which said - pumping means pumps 

1 A 

over a preselected time period; and 
Ft means for storing the rate at which said (pum^n g- means is 

’ 1 A 

signalled to pump over said preselected time period. 


ST" 


^ 4 6-9^ A programmable infusion system in accordance with claim 
-1 further comprising means for comparing the rates recorded 
by both said storing means. 

it* 

w'y IWrl programmable infusion system m accordance with claim 

wherein said comparing means is coupled to said telemetry 
means for telemetering information deduc.cii3 by said comparing 

Ar 

means out of said living body. 
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A programmable infusion system in accordance with claim 


-ttfS^further comprising means for providing an alarm signal when 


the rate at which said pumping means pumps is different than the 

4 + 


rate at which said pumping, means signalled to pump. 




r&Tt. A programmable infusion* system in accordance with claim 
-1£&7 wherein said recording means is coupled to said telemetry 
\\^ means for telemetering information recorded by -Sdfeh - said 


recording means out of said living body. 




Jr?-yr A programmable infusion system in accordance with claim 


wherein said pump means executes in pulses, said recording 
means comprising a pulse rate detector comprising: 

P | means for counting the number of times said pumping means 
pumps over a preselected time period, said counting means 
storing the count; 

minimum rate memory means for storing a programmable number 
input corresponding to a minimum medication infusion rate; and 


means for comparing the number counted by said counting 
means with said programmable number input stored in said minimum 
rate memory means. 


TT. A programmable infusion system in accordance with claim 
£7 further comprising means for providing an alarm signal when 
said count is less than said programmable number input stored in 
said minimum rate memory means. 


<R/ 


46 


A programmable infusion system in accordance with claim 


■ft 7 4 7 wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 


A programmable infusion system in accordance with claim 
wherein said counting means comprises a pressure 


transducer. 





b 






A 


& 


^7 

***** A programmable infusion system in accordance with claim 
7 wherein said comparing means is coupled to said telemetry 
means for telemetering information - dedag eck by said comparing 
means out of said living body. 

-£73. A programmable infusion system in accordance with claim 
4-637 wherein said pump means executes in pulses, said recording 
means comprising a pulse recorder comprising: 

^ fhj L/r*-p 

/ means for counting the number of times said pump My means 

' A 

pumps over a preselected time period, said counting means 
storing the count; and 


£ j 


\ means for counting the number of times said^pui^ifig means is 

A t 

commanded to pump over said preselected time period. 

-W. A programmable infusion system in accordance with claim 
t? wherein said pulse recorder further comprises means for 
comparing the number^ recorded by both said counting means . 

A 


A programmable infusion system in accordance with claim 
q wherein said comparing means is coupled to said telemetry 

(_p 

v means for telemetering informat ion jd oduoG # by said comparing 

A 

means out of said living body. 


rT A programmable infusion system in accordance with claim 
further comprising means for providing an alarm signal when 
said numbers recorded by both said counting means are different. 



* A programmable infusion system in accordance with claim 
* wherein said alarm signal comprises a subcutaneous 


electrical stimulation. 




J-3r7 A programmable infusion system in accordance with claim 
V7 wherein said recording means is coupled to said telemetry 
means for telemetering information recorded by both said 
counting means out of said living body. 


166 

p 


A programmable infusion system in accordance with claim 
J7 wherein said first recited counting means comprises a 
pressure transducer. 


/ 


161 


A programmable infusion system in accordance- with claim 
further comprising means for maintaining the pressure within 
said medication reservoir at a pressure level below the internal 
pressure of said living body. 


liP-s 


A programmable infusion sytem in accordance with claim 
wherein said pressure maintaining means comprises: 
a flexible diaphragm which divides said medication reservoir 
into a medication chamber and a liquid-vapor pool chamber; and 
a liquid vapor pool disposed within said liquid-vapor pool 
chamber, the proportion of liquid to vapor in said liquid-vapor 
pool varying in response to variations in the amount of said 
selected medication disposed in said medication chamber. 


U>-2 

10 —' 

Sdb r 1 said u 


K A programmable infusion system in accordance with claim 
infusion apparatus further comprising switch means 
disposed within said medication reservoir, said switch means 
being coupled to said telemetry means and being activated when 
said flexible diaphragm is disposed in a preselected 
relationship relative to said switch means, said telemetry means 
telemetering a signal indicative of such an operational 
condition to said telemetry receiving means. 
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M 


c^A programmable infusion system in accordance with claim 


wherein said switch means is activated by pressure exerted 
thereon by said flexible diaphragm, said pressure being less 
than the ambient pressure of said body. 


f* A programmable infusion system in accordance with claim 

-tfe^said infusion apparatus further comprising an antechamber 
through which access is gained to said medication reservoir, and 
a reservoir inlet valve located between said antechamber and 
said medication chamber, said reservoir inlet valve being 
operable - and - when the pressure in said antechamber exceeds the 
pressure in th e reser v oir chamber by more than a predetermined 

A 

differential . 


A programmable infusion system in accordance with claim 



Ml 


wherein the volume of said antechamber is less than 10% the 
volume of said rooorvoi r chamber. 

A 


7 


i6*r A programmable infusion system in accordance with claim 
further comprising an inlet filter means operably disposed 
between said antechamber and said medication chamber for 
preventing impurities in said selected medication in said 
antechamber from passing into said medication chamber when said 
reservoir inlet valve is opened, said filter means also 
preventing said selected medication in said medication chamber 
from rapidly entering said living body in the event of a leak in 
said inlet valve. 




i A programmable infusion system in accordance with claim 

J&5, further comprising means for programmed pumping of 
' } fixed-volume pulses of medication into said living body. 
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\bf 


programmable infusion system in accordance with 'claim 
further comprising means for injecting medication into said 
medication reservoir, said injecting means being coupled to said 
telemetering receiver means, and programming means coupled to 


said 


i tffe olomcfee g i 


£sg- means for indicating when ejection of 


medication into said medication reservoir is appropriate. 


(.a. 


A programmable infusion system for providing medication 
<&i a- 

to a living body comprising; 

A 

I i an infusion apparatus for implantation in said living body, 

said apparatus including 

O 

] a medication reservoir for storing selected medication, 
| ^ - means for infusion said selected medication stored in 
said medication reservoir into said living body, said infusion 
means having at least one remotely commandable operational 
characteristic and being powered by an implanted power source, 
j command receiver means coupled to said infusion means 
for receiving command signals, said command receiver means being 
powered by a power source external to said living body, and 

P 

[ means for telemetering operational information 
pertaining to said infusion apparatus out of said living body? 

K 

| * command source means external to said living body for 
transmitting said command signals to be received by said command 
receiver means; 

t\ 

V 

i | means for receiving said telemetered operational information 
external to said living body; and 

D 


r 


i means for selectively supplying power to said command 

1 

receiver means, said supply means being coupled to said external 
power source, said supply means being external to said living 
body. 
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A programmable infusion system in accordance with claim 


m 

wherein said supply means provides an alternating field. 


/// 


t/}~? 

programmable infusion system in accordance with claim 


— wherein said infusion apparatus further comprises detector 
means for detecting said alternating field and for converting 
the same into electrical energy, said detecting means being 
coupled to said command receiver. 



A programmable infusion system in accordance with claim 
"wherein said infusion apparatus further comprises means for 
rectifying said electrical energy into a d.c. power signal. 

/ 

A programmable infusion system in accordance with claim 

IJ2_ 

*4r9T7~wherein said d.c. power signal is coupled to said implanted 
power source to effect the charging thereof. 

A programmable infusion system in accordance with claim 
wherein said telemetry means is coupled to said rectifier 
means and is powered by said d.c. power signal. 

Jjd 

A programmable infusion system in accordance with claim 

(Mr ' ■ 

said supply means 


wherein said . toiomoto lfri - rre r means is also supplied power by 

A 




.. A programmable infusion system in accordance with claim 
further comprising means for selectively recharging said 
implanted power source, said recharging means being powered by 
said supply means. 






A programmable infusion system in accordance with claim 
wherein one of said command signals transmitted by said 
command source means comprises a signal which corresponds to a 
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selected operational rate at which said infusion means will 
infuse said selected medication into said living body. 


(4 


^ -2tTJ. A programmable infusion system in accordance with claim 

AS. 

wherein said command source and said telemetry receiving 
means are embodied in a patient programming unit external to 
said living body, said patient programming unit having a 
plurality of operational medication dose inputs each 
corresponding to a medication infusion rate selectable and 
_ requestable by .the patient, said patient programming unit for 
selectively transmitting a command signal corresponding to a 
selected said medication dose inpu -t r 

A A 

A programmable infusion system in accordance with claim 
2WT wherein said infusion apparatus further comprises 
electronic control means coupled to said infusion means and said 
command receiver means, said electronic control means, for 

A 

maintaining a history of the infusion rate at which said 
infusion means has operated, said electronic control means^for 
precluding the infusion of said selected medication of said 
infusion means if said rate requested by said patient 
programming unit exceeds a predetermined safe medication 
infusion rate based on said maintained history. 




an 


A programmable infusion system in accordance with claim 


wherein said electronic control means is coupled to said 
telemetry means, said patient programming unit including means 
for indicating to said patient if said selected infusion rate 
exceeds said predetermined safe medication infusion rate, said 
^ oelc e t - ivQ control means selectively sending a signal to said 
indicating means via said telemetry means and said telemetry 
receiving means, said telemetry . receiving means being coupled to 
said indicating means . 
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U / A programmable infusion system in accordance with claim 

t**' wherein said patient programming unit further comprises 
annunciator means and visual display means for providing 
information regarding previously selected medicaion infusion 
rates, for indicating whether a proper programming of a 
presently requested infusion rate has been communicated to said 
command receiver, and for selectively providing information as 
to the time and rate of previously selected medication infusion. 

<23 




programmable infusion system in accordance with claim 
wherein said infusion means comprises a fluid handling 
mechanism for delivering said selected medication, said 
operational information including information about the 
operation of said fluid handling mechanism. 



programmable infusion system in accordance with claim 
<2D-7, wherein said fluid handling mechanism comprises means for 
pumping said selected medication. 


A prog^mmable infusion system in accordance with claim 
of medication pumped by said pump means 


'A // * “ jR 

CUT, wherein the/amc 

r t-r , 

/is controlled by a pressure limit in said pump,. means. 


aint 


| A programmable infusion system in accordance with claim 

* <2D£r^herein said pump means operates in a pulsatile mode. 



A programmable infusion system in accordance with claim 
Yf wherein said pump means pumps a fixed volume of said 
selected medication each time said pump means is pulsed. 




A programmable infusion system in accordance with claim 


wherein said pump means comprises variable volume means for 

I 

^storing said selected medication within said pump means, an 



increase in volume of said variable volume means permitting 
drawing of said selected medication into said pump means, a 
decrease in volume of said variable volume means permitting 
expulsion of said selected medication from said pump means. 


& 


2r3. A programmable infusion system in accordance with claim 
212. wherein said variable volume means comprises at least one 
all. 


flexible 


movement of said^ flexible wall varying the value 


of said variable volume means't and means for moving said A 


flexible wall. 


214. A programmable infusion system in accordance with claim 

,J it***. • ' — 

213, further comprising spring means for urging said^ wall in a 
manner which decrejeSes the volume of said variable volume means, 
the magnitude oi^tjjeXforce applied to and stored by said spring 
means increasing as tn^ volume of said variable volume means 
increases due to the displacement of said, flexible wall thereof 
by said moving means. 


215. A programmable infusion system in accordance with claim 

■ I v- -i 

214, wherein said flexible waM comprises a bellows assembly 
having mounted on one end thereof a plate, the other end of said 
bellows^being in communication wrfch said selected medication, 
the walls of said bellows serving \s said spring means. 



A programmable infusion system in accordance with claim 
■wherein said plate has a surface in contact with a said 
selected medication when drawn into said variable volume means. 



A programmable infusion system in accordance with claim 
wherein said bellows is inhibited from moving said plate 
when the pressure (p) in said m ov a ble volume means exceeds the 
spring force (F) of said bellows divided by the wetted area (A) 

A 
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.f 


of said surface of said plate in . with said selected 


medication, that is when p > ^. 

^ ' 218. A programmable infusion system in accordance with^ claim 

215, wherein s a :U^ moving means^ comprises- said plate being 
magnetizable^ai^f^^oil disposed proximate to said plate, said 
| coil selectively radioing a pulsing magnetic field, pulsing of 
J said coil causing said plate to be moved. 

4 

y^* A programmable infusion system in accordance with claim 
wherein said plate comprises a permanent magnet. 

I *2 1 2^* A programmable infusion system in accordance with claim 
further comprising means for limiting the distance said 

Owi rj\ Qs* ex- 

piate can move in both ^fefte-volume increasing direction and "the- 

/r^ /P - 

volume decreasing direction. 



A programmable infusion system in accordance with claim 
T - * wherein said infusion means further comprises: 


ft 


V 

] | an interface pressure valve through which said selected 
medication enters said variable volume means from said 
medication reservoir, said interface pressure valve being 
normally closed; 

an outlet Chamber which is in communication with said living 
body; and 

an outlet pressure valve located between said variable 
volume, means and said outlet chamber, said outlet pressure va 1_n 
being normally closed, an increase in volume of said variable 
volume means causing said interface pressure valve to open and 
medication to enter said variable volume means, a decrease in 
volume of said variable volume means causing said outlet 
pressure to open and said interface pressure valve to 


Pi 
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close, so as to permit medication to enter said outlet chamber 
as a pressure pulse. 





A programmable infusion system in accordance with claim 


wherein said outlet chamber comprises an elastic wall 
having a fluidic capacitive effect on the flow of said selected 
medication and a filter element through which liquid flow to the 
said living body is resisted, said elastic wall and said filter 
comprising a fluid resistance-capacitance arrangement with 
respect to said flow of said selected medication from said 
outlet chamber into said living body. 


/3f 


A programmable infusion system in accordance with claim 
further comprising means for feeding said selected 

A 

medication into said living body from said pump means in a flow 
which decays exponentially over time. 




A programmable infusion system in accordance with claim 

/3=Y 

JlZ&r wherein said feeding means comprises a mechanical 
resistance (R) and a mechanical capacitance (C) circuit 
resulting in an exponentially decaying outflow of medication for 
each said fixed volume pulse. 


r *A programmable infusion system in accordance with claim 
wherein said infusion means further comprises an outlet 
chamber which is in communication with said living body, said 
pump means expelling said selected medication into said outlet 
flfflRiiffrf and means for monitoring the operation of said pump 

N 

means, said monitoring means being disposed in said outlet 



chamber and providing a signal in response to a pressure pulse 
in said outlet chamber caused by said pump means, said 
monitoring means being operably coupled to said telemetry means. 



A programmable infusion system in accordance with claim 
wherein said monitoring means comprises a pressure 


transducer. 


/t? 

'frZl ^ A programmable infusion system in accordance with claim 


further comprising first means for indicating the operation 
of said pump means when a decrease in volume of said variable 
volume means is not followed by a signal from said monitoring 
means corresponding to a pressure pulse of said selected 
medication expelled into said outlet chamber, said first 
indicating means being operably coupled to said telemetry means. 


A programmable infusion system in accordance with claim 

* /f~3 

, “further comprising second means for indicating the 
operation of said pump means when a signal is provided by said 
monitoring means absent a decrease in volume of said variable 


volume means 


j-, said second indicating 


means being operably coupled to said telemetry means. 

^ programmable infusion system in accordance with claim 

iffsT^u rther comprising means for monitoring the operation of 
said pump means, said monitoring means being operably coupled to 
said telemetry means. 

A programmable infusion system in accordance with claim 
^a^T-wherein said monitoring means comprises pressure sensing 
means disposed* in the path of flow of said selected .med-icTi'crii' 

7 into said body, said pressure sensing means providing a 

A 

signal in response to a pressure pulse in said path of flow. 


^ A programmable infusion ^system in accordance with claim 

Jr J ^ ■ it' '' r j** v 57 * /\\ ' ' ' * *' 

230, further compiti^ing first means for indicating the operation 


said pump means wherk a decrease in volume of said variable 
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j volume means iss not followed by a signal from said monitoring 
i means corresponding to a pressure pulse of said selected 
j medication expired into said outlet chamber, said first 
] indicating means being operably coupled to said telemetry means. 


A programmable infusion system in accordance with claim 
further comprising second means for indicating the 
operation of said pump means when a signal is provided by said 
monitoring means absent a decrease in volume of said variable 


volume means 


said second indicating 


means being operably coupled to said telemetry means. 

-38^. A programmable infusion system in accordance with claim 

f [A 5 ' ojf ° Y ^ X -' 

l 10 4 *7 wherein one of said remotely commandable operational 
characteristic^ comprises an infusion rate variable on command, 
said infusion apparatus further comprising means for inhibiting 
said infusion means from infusing said selected medication if a 
preselected medication infusion rate is exceeded by a commanded 
infusion rate, said inhibiting means being operably coupled to 
said infusion means. 

-2-0^. A programmable infusion system in accordance with claim 

—3407 wherein said inhibiting means comprises at least one means 
for defining a fixed infusion rate limit. 

jsy 

f ^ v3 3D t* A programmable infusion system m accordance with claim 

- 334 T* wherein said* means for defining a fixed infusion rate limit 

A 

is hardwired. 


/S2- 

, A programmable infusion system in accordance with claim 
wherein said preselected medication infusion rate is 
remotely selectable. 
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programmable infusion system in accordance with claim 
— wherein said preselected medication infusion rate comprises 
a remotely selectable rate and a fixed rate, said remotely 
. selectable rate being limited by said fixed rate. 

iT / j2 J 3f8\ A programmable infusion system in accordance with claim 
, whertein said inhibiting means comprises: 



/ 




at least\one programmable rate memory unit coupled to said 
command receiver means, each of said programmable rate memory 


t 

i 

I V 

units for receiving and storing an infusion rate input command 

I 

| corresponding to ^aid remotely selectable rate? 

] at least one limit control unit each of which provides a 

| fixed rate limit? an^ 

\ i means for comp 4 , r^ n^; each of said infusion rate input 

1|{ commands to a corresponding said fixed rate limit, infusion of 
( said medication at a rate\exceeding said fixed rate limit being 
1 ? inhibited . 



A 239. A programmable infusion system in accordance with claim 

i 238, further comprising command idecoder means for coupling ‘ said 

f \ 

# at least one said programmable rat^ memory limit to said command 
> receiver means, said command decodeV means for decoding said 
i command signals received by said command receiver means into 
I said infusion rate inputs for receipt and storage in said at 
I least one programmable rate memory unit. 

£ ' -5 40 7 A programmable infusion system in accordance with claim 

i |_a 

Ty wherein each of said .limit control units hardwired . 

K A 

A programmable infusion system in accordance with claim 
■^further comprising means for generating an alarm signal 
^ when any infusion rate input command exceeds a corresponding 
fixed rate limit. 

7h 
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tSZS* 7 " programmable infusion system in accordance with claim 

■ wherein said alarm signal comprises a subcutaneous 
A 

electrical stimulation- 

A programmable infusion system in accordance with claim 
wherein said inhibiting means precludes infusion of said 
medication by said infusion means when the selected said 
commandable infusion rate exceeds said preselected medication 
infusion rate during a fi x ed ■ window of time- which shifts 

A 

continuously. 



programmable infusion system in accordance with claim 


5y wherein said inhibiting means precludes infusion of said 
medication^l^ said infusion means when the selected said 

A x 

commandable infusion rate exceeds said preselected medication 

c>- 

infusion rate during a fixiLjil window of °time, which shifts ® 


c: j vi 

A 



continuously. 


A programmable infusion system in accordance with claim 


^233, wherein said infusion means includes a pump means which 
jexecutes in\ pulses, said inhibiting means comprising a 

| programmable ^memory rate unit ^coupled to said command receiver 

1 \ 

If or storing initially a\ number corresponding to a first maximum 


I 


lumber of infusioiK^pulses preselected as allowable during a 
irst shifting t^n^ \^indow of a predetermined length, pulse 
quantities being subtracted from said number stored in said 


3- I ]| ro 9 ramrna kl e memory rate\init as infusion pulses are executed by 
1 laid infusion means, pulse \juantities being added to said stored 
number as time elapses such that said number does not exceed 

ss \ 

laid first maximum number, saidXsubtraction and addition being 


accomplished in running integral fashion, said inhibiting means 
not permitting pulsing of said pump\means a-iitrmber-~of — times in 
excess of said number stored in said Programmable memory rate 


unit. 






246. A programmable infusion system in accordance with claim 


245, wnbrein said memory rate unit also records the number of 
pulses w^ich have been inhibited and causes said pump means of 
iki< 


said infusion means to execute said pulses when said pul 

\ *- 

be subtracted from said^number stored in said programmable 

memory rate \init as a result of the elapse of time. 


ses can 


247. A programmable infusion system in accordance with claim 
245, wherein said programmable memory rate unit also stores 

' t v* 

i \ r .i.WV AiV 

initially another^ number corresponding to a second maximum 
number of infusiom pulses preselected as allowable during a 
second shifting time window of a predetermined length, said 
second shifting time\window being longer in length than said 
first shifting time vpjidow, pulse quantities being subtracted in. 
™fi^eti^run , ning inte^al^\f-ashion from said another number stored 
in said programmable memory rate unit as infusion pulses are 
executed by said infusion means, pulse quantities being added to 
said second number as timA elapses such that said another^ number 
does not exceed said first maximum number, said subtraction and 
addition being accomplished Yn running integral fashion, said 
inhibiting means not permitting pulsing of said pump means a^ o 
numb er of times in excess of s^id another number stored in said 
programmable memory rate unit. 


248. A programmable infusion System in accordance with claim 
247, wherein said rate memory unit \a Iso records the number of 
pulses which have been inhibited and causes said infusion means 
to execute^ said pulses when said pulses can be subtracted from 
said numbers stored in said programmable memory rate unit. 


I 

/ i 


A programmable infusion system in accordance with claim 

Jir&sl wherein said inhibiting means further comprises at least 
one fixed infusion rate limit which limits the total maximum 
infusion rate of said infusion means. 



{t?J> ^ P ro 9 ranunable infusion system in accordance with claim 

J2A -97 wherein said fixed infusion rate limit is hardwired. 

I<e7 

A programmable infusion system in accordance with claim 
*3-4^77 further comprising means for generating an alarm signal 
when any commanded infusion rate results in the inhibiting of 
pulsing of said pump means by said inhibiting means. 

A programmable infusion system in accordance with claim 
wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 





I. A programmable infusion system in accordance with claim 
rT - further comprising command decoder means for coupling said 
command receiver means to said programmable memory rate unit, 
said command decoder means for decoding said command signals 
received by said command receiver means into said first and 
second .numbers of infusion pulses. 

A 



A programmable infusion system in accordance with claim 
-2^3 / wherein said inhibiting means is operably coupled to said 
telemetry means, said inhibiting means providing a signal to 
said telemetry means for telemetering to said telemetry 
receiving means operational information pertaining to the 
functions of said inhibiting means. 

’/ 




rr A programmable infusion system in accordance with claim 
Further comprising means for generating an alarm signal 
when said inhibiting means inhibits said infusion means. 



17 A programmable infusion system in accordance with claim 
-^MT^further comprising means for recording when said inhibiting 


means inhibits said infusion means. 



/z? 


,^5’TT A programmable infusion system in accordance with claim 
JttTf wherein said recording means is coupled to said telemetry 
means, said recording means providing a signal to said telemetry 
means for telemetering to said telemetry receiving means 
operational information pertaining to said inhibiting means as 
recorded by said recording means. 





T A programmable infusion system in accordance with claim 
said infusion apparatus further comprising means for 


generating a distinctive alarm signal pattern for each of a 


plurality of improper^opefcati on-conditions « 


9\ A programmable infusion, system in .accordance with claim 
8, wherein said alarm signal' is-4e,lav*e^ed^4:o said living body 



K 


260. A programmable infusion system in accordance with claim 

I \ 

| 259, further comprising means for detecting a medication leak^ 

f 7 \ 

I coupled to said a larnT means i wherein one of said improper 

I \ ' 

| operation conditions comprises a medication leak out of said 

I V 

§ medication reservoir. 

\ 
l 




261. A programmable ihfusion system in accordance with claim 


\ i 259, further comprising means for detecting a body fluid leak. 

?u I . • ’ - - ™ \ 

| coupled to said alarm means .wherein one of said improper 
| operation conditions comprises a leak of body fluids into said 


h 


!j infusion apparatus. 

\ 

I 262. A programmable infusion sys£^m in accordance with claim 
|259, further comprising means for detecting the rate at which 
)said infusion means is operating coupledVto said alarn/ means, 

'.wherein one of said improper operation*' conditions comprises 

■ ^ \ 

♦operation of said infusion means at an improper rate. 
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2 6^3^ A programmable infusion system in accordance with claim 
259, wherein one of said improper operation ? conditions comprises 
receiving of a command by said command receiver ^ which cannot be 
executed . 


264. A programmable infusion system in accordance with claim 

A 

to ^ 259, further comprising battery means for powering said infusion 

Aj _ J' ' *-*- 

A means and mear)s for determining the voltage of said battery 

^coupled to said a 

operation condition* comprises low battery voltage. 

£ r . 


larm^meaiis wherein one of said improper 


265. A programmable infusion system in accordance with claim 


_259, further comprising means for detecting *the amount of 

VC medication disposed in said reservoir coupled to said alarm 

/lA A //! 




means, wherein one of said improper operation^conditions 


D 


comprises a preselected amount 
medication reservoir. 


medication remaining in said 



v' 


266. A programmable infusion system in accordance with claim 


258, further comprising means for detecting a medication leak 
coupled to said alarm^means, wherein one of said improper 
operation conditions comprises a medication leak out of said 

i* 

medication reservoir. 


267. A programmable infusion system in accordance with claim 
,r v 258, # further comprising means for detecting a bpdy fluid leak 

r '* coupled to said alarmAmeans ^/herein one of said Improper 

4 • \ 

operation, conditions comprises a leak of body fluids into said 

A \ 

infusion apparatus. \ 


268. A programmable infusion system in accordance with claim 
258, further comprising means for detecting the rate at\which 


- - - - \ 

said infusion means is operating ^coupled to said alarm ’’me a^ns. 
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wherein one of said improper operation^conditions comprises 
operak^on of said infusion means at an improper rate. 


oX 




n! 


; 269. A programmable infusion system in accordance with claim 

f \ i 

£ 258, where&n one of said improper operation^conditions comprises 
receiving of\a command by said command receiver which cannot be 
: executed . \ 

>. 

A 

; 270. A programmable infusion system in accordance with claim 

*258, further comprising battery means for powering said infusion 

I > 

<means and means for/dg^termining the voltage of said battery 

l 


jcoupled to said a 16 


£ans wherein one of said improper 


Operation condition comprises low battery^ voltage. 


D 


0 


271. A programmable infusion system in accordance with claim 


prqgra 


258, further composing means for detecting the amount of 

& \ 

medication disposed in said reservoir coupled to said alarm 

I 'v, \ 

means, wherein one of said\improper operation r conditions 

^comprises a preselected amount "of medication remaining in said 

\ \ 


medication reservoir. 


if? 




j -272T - A programmable infusion system in accordance with claim 
further comprising means for simulating said improper 
operational conditions for test purposes. 





A programmable infusion system in accordance with claim 

Ho 

J-9^, wherein said infusion means includes means for pumping a 
preselected amount of medication into said living body, said 
infusion apparatus further comprising means for recording the 


rate at which* -pumping* is effected by said pump^^ 


means . 


U- 

^ ^^274. A programmable infusion system in accordance with claim 

L I * f j v 5 ?^>j-| 273 , wherein sa{^rbcording means comprises: 

K y> j*\y 
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means tx>r storing the rate at which said pumping means pumps 
! over a preselected time period; 

means for storing a programmable input corresponding to a 
minimum medicatrpn infusion rate; and 

means for cornering the rate recorded by said recording 
means to the r^te stored in said storing means. 


275. A programmable infusion system in accordance with claim 

274, further comprising means for providing an alarm signal when 

v-/ : - * 

said rate recorded by s^id recording means is less than said 


minimum medication infusion rate. 




&< 




programmable infusion system in accordance with claim 


-2W, wherein said recording means is coupled to said telemetry 
means for telemetering information doduood by said recording 

A 

means out of said living body. 


«#■ 


programmable infusion system in accordance with claim 


wherein said recording means comprises : 

| y | means for storing the rate at which said pumpiftg* means pumps 
over a preselected time period; and 
1 1 means for storing the rate at which said pumping, means is 
signalled to pump over said preselected time period. 

/?/ 

137 81 A programmable infusion system in accordance with claim 
^i? 7 -/ rurther comprising means for comparing the rates recorded 

t 

by both said storing means. 

A programmable infusion system in accordance with claim 
^2J6^wherein said comparing means is coupled to said telemetry 


means for telemetering information 
means out of said living body. 


n . doa - uoed - o\ 


A 


y said comparing 
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7 A programmable infusion system in accordance with claim 

, further comprising means for providing an alarm signal when 
p**r*ff 

the rate at which said pumpin» means pumps is different than the 


rate at which said^pumpi-rKf means signal led to pump. 




7 A programmable infusion system in accordance with claim 


wherein said recording means is coupled to said telemetry 


means for telemetering information recorded by 
recording means out of said living body. 


„said 


in 


programmable infusion system in accordance with claim 
wherein said pump means executes in pulses, said recording 
means comprising a pulse rate detector comprising: 

o 


j means for counting the number of times said pumpi»«f* means 
pumps over a preselected time period, said counting means 
storing the count; 

P 

I £ minimum rate memory means for storing a programmable number 
input corresponding to a minimum medication infusion rate; and 


o 

i 


means for comparing the number counted by said counting 
means with said programmable number input stored in said minimum 
rate memory means. 



K A programmable infusion system in accordance with claim 
ZT further comprising means for providing an alarm signal when 
said count is less than said programmable number input stored in 
said minimum rate memory means. 


eF- ’ K : 


programmable infusion system in accordance with claim 
'Zb£t~ wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 


<5*5. A r 


>. A programmable infusion system in accordance with claim 
¥, wherein said counting means comprises a pressure 
transducer. 
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■f A programmable infusion system in accordance with claim 
wherein said comparing means is coupled to said telemetry 
means for telemetering information do entee d by said comparing 


means out of said living body. 

IST'- A programmable infusion system in accordance with claim 
-2W7*. wherein said pump means executes in pulses, said recording 
means comprising a pulse recorder comprising: 

l 

; . means for counting the number of times said p urriping * means 

A 

pumps over a preselected time period, said counting means 
storing the count; and 


| | means for counting the number of times said pumpin g means is 

A 

commanded to pump over said preselected time period. 




A programmable infusion system in accordance with claim 


wherein said pulse recorder further comprises means for 
comparing the°^ftttm^^ recorded by both said counting means . 

^ A programmable infusion system in accordance with claim 

s /^herein said comparing means is coupled to said telemetry 


means for telemetering information dedu c e d- by said comparing 

A 

means out of said living body. 


£: i 


programmable infusion system in accordance with claim 
^2 %=^ further comprising means for providing an alarm signal when 
said numbers recorded by both said counting means are different. 



[V A programmable infusion system in accordance with claim 
: wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 
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A programmable infusion system in accordance with claim 


1% wherein said recording means is coupled to said telemetry 
means for telemetering information recorded by both said 
counting means out of said living body. 



rT A programmable infusion system in accordance with claim 
wherein said first recited counting means comprises a 
pressure transducer. 

w 

vr 


fif. 


A programmable infusion system in accordance with claim 
wherein said recording means is powered by said implanted 
power source . 




A programmable infusion system in accordance with claim 
further comprising means for maintaining the pressure within 
said medication reservoir at a pressure level below the internal 
pressure of said living body. 






A programmable infusion sytem in accordance with claim 


,2-957^ wherein said pressure maintaining means comprises: 

^ a flexible diaphragm which divides said medication reservoir 
into a medication chamber and a liquid-vapor pool chamber; and 
a liquid vapor pool disposed within said liquid-vapor pool 
chamber, the proportion of liquid to vapor in said liquid-vapor 
pool varying in response to variations in the amount of said 
selected medication disposed in said medication chamber. 




/l I A programmable infusion system in accordance with claim 

said infusion apparatus further comprising switch means 
disposed within said medication reservoir, said switch means 
being coupled to said telemetry means and being activated when 
said flexible diaphragm is disposed in a preselected 


relationship r el at e. to said switch means, said telemetry means 
A V 
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telemetering a signal indicative of such an operational 
condition to said telemetry receiving means. 


i 


i 


P 1 


t 

i 





■/i 


A programmable infusion system in accordance with claim 
wherein said switch means is activated by pressure exerted 

i 

thereon by said flexible diaphragm, said pressure being less 
than the ambient pressure of said body. 


A programmable infusion system in accordance with claim 
said infusion apparatus further comprising an antechamber 
through which access is gained to said medication reservoir, and 
a reservoir inlet valve located between said antechamber and 
said medication chamber, said reservoir inlet valve being 
operable and ■ when the ^pressure in said antechamber exceeds the 
pressure in the voir ~ chamber by more than a predetermined 
differential . 


2 ^ 


<9'0trT A programmable infusion system in accordance with claim 

2-1 5 

wherein the .jvartve’ of said antechamber is less than 10% the 

p 

U' 


va -i v e of sard rfaoervonv chamber. 

A * 



programmable infusion system in accordance with claim 


further comprising an inlet filter means operably disposed 
between said antechamber and said medication chamber for 
preventing impurities in said selected medication in said 
antechamber from passing into said medication chamber when said 
reservoir inlet valve is opened, said filter means also 
preventing said selected medication in said medication chamber 
from rapidly entering said living body in the event of a leak in 
said inlet valve. 


, 2ft 

/ - programmable infusion system in accordance with claim 

■iWfr further comprising means for programmed pumping of 
fixed-volume pulses of medication into said living body. 
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V 1 * ' 

A programmable infusion system in accordance with claim 

)10 

j jMr, further comprising means for injecting medication into said 
medication reservoir, said injecting means being coupled to said 
telemetering receiver means, and programming means coupled to 
said tolomotcrrnc 




ag. means for indicating when ejection of 
medication into said medication reservoir is appropriate. 

A programmable infusion system in accordance with claim 
-iW", wherein said programming means is powered by said supply 
means . 




. A programmable infusion system for providing medication 
to a living body" comprising: 

P . ... 

| | an infusion apparatus for implantation in said living body, 
said apparatus including 

f* : a medication reservoir for storing selected medication, 
p“p means for infusing said selected medication stored in 
said medication reservoir into said living body, said infusion 
means having a fluid handling mechanism for delivering said 
selected medication and at least one remotely commandable 
operational characteristic, 

f command receiver means coupled to said infusion means 
for receiving command signals, and 

means for telemetering operational information 
pertaining to said infusion apparatus out of said living body, 
said operational information including information about the 
operation of said fluid handling mechanism of said infusion 
means 7 


P 

i 


j command source means external to said living body for 
transmitting said command signals to be received by said command 
receiver means; and 



I jt means for receiving said telemetered operational information 
external to said living body. 


^ A programmable infusion system in accordance with claim 
wherein said fluid handling mechanism comprises means for 
pumping said selected medication. 


j A programmable infusion system in accordance with claim 

^ J.- \ jr / pre-SS^fC t'Vea-'V.S. for 

/_>- *’ u 3 ' 06 j/ where in ft th^Mount of medication pumped by said pump means 
: c e nt r o Hred— by-a- p^ssxrre~"li:mit:--in" sa~i d'~ pump-means . 

v^Vi / \ ' 


/ r?08 . ““A programmable infusion system in accordance with claim 

j; 

wherein said pump means operates in a pulsatile mode. 


|y 




MOT. A programmable infusion system in accordance with claim 


|i| f .3-tHr, wherein said pump means pumps a fixed volume of said 
| selected medication each time said pump means is pulsed. 

A 

f ! 

\ I STtf. A programmable infusion system in accordance with claim 

\ \XZ2- 

1 | 3(Hr, wherein said pump means comprises variable volume means for 

| j storing said selected medication within said pump means, an 

& !i 3 • 

% i i 

% I l increase in volume of said variable volume means permitting 


|| J | i 

* ^ I A 


j drawing of said selected medication into said pump means, a 
x | decrease in volume of said variable volume means permitting 
| \i expulsion of said selected medication from said pump means. 

\Jr ; '311. A programmable infusion system in accordance with claim 

! j; 310, wherein saicly-variable volume means comprises at least one 

5 I 7\ I 

| |flexible wall, mo4^m^nt of said^f lexible wall varying the value 


lof said variable volume\|neans^ and means for moving said^ 


'flexible wall. 
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312. A programmable infusion system in accordance with claim . 

\ \ d$~ 

i 311/ further Comprising spring means for urging said^wall in a 
\ \ manner which decreases the volume of said variable volume means, 

I the magnitude ofNthe force applied to and stored by said spring 
means increasing aX the volume of said variable volume means 
increases due to th^nflisplacement of said flexible wall thereof 

\ i r \ A 

.. by said moving mean^v\ 


313. A programmable i\ifusion system in accordance with claim 
312, wherein said, f lexibleNwall comprises a bellows assembly 
having mounted on one end thereof a plate, the other end of said 
jbellows^ being in communication^ j*ith said selected medication, 

I the. walls of said bellows serving as said spring means. 


programmable infusion system in accordance with claim 
wherein said plate has a surface in contact with ^ said 

A 

selected medication when drawn into said variable volume means. 

23 > 

_ . A programmable infusion system in accordance with claim 

-34T47 - * wherein said bellows, is inhibited from moving said plate 
when the pressure (p) in said ^movable volume means exceeds the 
spring force (F) of said bellows divided by the wetted area (A) 

A 

of said surface of said plate in contact with said selected 

F 

medication, that is when p > ^. 


6. A progria^able infusion system in accordance with claim 


X*313, wherein 

X i 




said plate being 


\ {magnetizable, and a oori disposed proximate to said plate, said 
Icoil selectively radiating a pulsing magnetic field, pulsing of 
|said coil causing said plate\^to be moved. 

l\ 2-3 £ ^ 

l JU * A programmable infusion system in accordance with claim 


wherein said plate comprises a permanent magnet. 
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programmable infusion system in accordance with claim 


zJT 

further comprising means for limiting the distance said 


o— 


oo 


plate can move in both the- volume increasing direction and the* 
volume decreasing direction. 


iT 



T* A programmable infusion system in accordance with claim 
wherein said infusion means further comprises: 


P 


jl an interface pressure valve through which said selected 
medication enters said variable volume means from said 
medication reservoir, said interface pressure valve being 
normally closed; 

P* an outlet chamber which is in communication with said living 
body; and 

an outlet pressure valve located between said variable 
volume means and said outlet chamber, said outlet pressure valve 
being normally closed, an increase in volume of said variable 
volume means causing said interface pressure valve to open and 
medication to enter said variable volume means, a decrease in 
volume of said variable volume means causing said outlet 
pressure valve to open and said interface pressure valve to 
close, so as to permit medication to enter said outlet chamber 
as a pressure pulse. 

- A programmable infusion system in accordance with claim 

wherein said outlet chamber comprises an elastic wall 
having a fluidic capacitive effect on the flow of said selected 
medication and a filter element through which liquid flow to the 
said living body is resisted, said elastic wall and said filter 
comprising a fluid resistance-capacitance arrangement with 
respect to said flow of said selected medication from said 
outlet chamber into said living body. 
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A programmable infusion system in accordance with claim 

■^ 20/ further comprising means for feeding said selected 

A 

medication into said living body from said pump means in a flow 
which decays exponentially over time. 


as* 


^ A programmable infusion system in accordance with claim 

wherein said feeding means comprises a mechanical 
resistance (R) and a mechanical capacitance (C) circuit 
resulting in an exponentially decaying outflow of medication for 
each said fixed volume pulse. 

A programmable infusion system in accordance with claim 

wherein said infusion means further comprises an outlet 

chamber which is in communication with said living body, said 

pump means expelling said selected medication into said outlet 

we»no f and means for monitoring the operation of said pump 
A 

means, said monitoring means being disposed in said outlet 
chamber and providing a signal in response to a pressure pulse 
in said outlet chamber caused by said pump means, said 
monitoring means being operably coupled to said telemetry means. 



7 A programmable infusion system in accordance with claim 


wherein said monitoring means comprises a pressure 
transducer. 


A programmable infusion system in accordance with claim 
3 further comprising first means for indicating the operation 
of said pump means when a decrease in volume of said variable 
volume means is not followed by a signal from said monitoring 
means corresponding to a pressure pulse of said selected 
medication expelled into said outlet chamber, said first 
indicating means being operably coupled to said telemetry means. 
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j 326? A programmable infusion system in accordance with claim 


& 


further comprising second means for indicating the 
operation of said pump means wherein a signal is provided by 
said monitoring means absent a decrease in volume of said 
variable volume means caused by said moving mga a s , said second 
indicating means being operably coupled to said telemetry means. 




& 


A programmable infusion system in accordance with claim 


further comprising means for monitoring the operation of 
said pump means, said monitoring means being operably coupled to 
said telemetry means. 


m 




A programmable infusion system in accordance with claim 
wherein said monitoring means comprises pressure sensing 


& 


means disposed in the path of flow of said selected medicaion 
into said ^ linlmy * body, said pressure sensing means providing a 
signal in response to a pressure pulse in said path of flow. 




programmable infusion system in accordance with claim 



^^mprising first means for indicating the operation 
of said pump mean^-v/hen a decrease in volume of said variable 
volume means is n/6t ^|pl lowed by a signal from said monitoring 
means corresponding to ^pressure pulse of said selected 
medication expelled into sa^4 outlet chamber, said first 
indicating means being operablj^joupled to said telemetry means. 


Mb 


^3«r-A programmable infusion system in accordance with claim 
further comprising second means for indicating the 
operation of said pump means ^herein a signal is provided by 
f I said monitoring means absent a decrease in volume of said 

|variable volume means said mo v ing - mo am> , said second 

Vindicating means being operably coupled to said telemetry means. 


\r\ 

? 

J 
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S331TC A programmable infusion system in accordance with claim 

43 - \ 

§5*r, wherein one of said command signals transmitted by said 
command source means comprises a signal which corresponds to a 
selected operational rate at which said infusion means will 
infuse said selected medication into said living body. 




A programmable infusion system in accordance with claim 
%jQ S 3- wherein said command source and said telemetry receiving 
means are embodied in a patient programming unit external to 
said living body, said patient programming unit having a 

i 

plurality of operational medication dose inputs each 
corresponding to a medication infusion rate selectable and 
requestable by the patient, said patient programming unit for 
selectively^ transmitting a command signal corresponding to a 
selected said medication dosejifepw^. 

A 


7 A programmable infusion system in accordance with claim 
wherein said infusion apparatus further comprises / _ 


electronic control means coupled to said infusion means and said 
command receiver means, said electronic control means . for 

^ A 

mainitaining a history of the infusion rate at which said 
infusion means has operated, said electronic control means. for 

A 

precluding the infusion of said selected medication by said 


infusion means has operated, said electronic 


infusion means if said rate requested by said patient 
programming unit exceeds a predetermined safe medication 
infusion rate based on said maintained history. 




A programmable infusion system in accordance with claim 


^33^7 wherein said electronic control means is coupled to said 
telemetry means, said patient programming unit including means 
for indicating to said patient if said selected infusion rate 
exceeds said predetermined safe medication infusion rate, said 
selective control means selectively sending a signal to said 
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indicating means via said telemetry means and said telemetry 
receiving means, said telemetry receiving means being coupled to 
said indicating means. 


A programmable infusion system in accordance with claim 

SC- 

wherein said patient programming unit further comprises 



annunciator means and visual display means for providing 
information regarding previously selected medicaion infusion 
rates, for indicating whether a proper programming of a 
presently requested infusion rate has been communicated to said 
command receiver, and for selectively providing information as 
to the time and rate of previously selected medication infusion. 


A programmable infusion system in accordance with claim 
’, further comprising means for selectively supplying power to 
said command receiver means, said supply means being coupled to 
an external power source, said supply means being external to 
said living body, said infusion means being powered by an 
implanted power source. 


5/4 


Z&Tl A programmable infusion system, in accordance with 
Claim S^wherein said supply means provides an alternating 


field. 


S. 


rogrammable infusion system, in accordance with 
claim SStT wherein said infusion apparatus further comprises 
detector means for detecting said alternating field and for 
converting the same into electrical energy, said detecting means 
being coupled to said command receiver. 




A programmable infusion system in accordance with claim 
h, wherein said infusion apparatus further comprises means for 
rectifying said electrical energy into a d.c. power signal. 



Yl ^^programmable infusion system in accordance with 
claim wherein said d.c. power signal is coupled to said 

implanted power source to effect the charging thereof. 

gp 

A programmable infusion system in accordance with claim 

0 . 3 * 

5^97 wherein said telemetry means is coupled to said rectifier 
means and is powered by said d.c. power signal. 


A 

wherein said telemetry means is also supplied power by said 


programmable infusion system in accordance with claim 


supply means. 



- programmable infusion system in accordance with claim 

further comprising means for selectively recharging said 
implanted power source, said recharging means being powered by 
said supply means. 


a 


A programmable infusion system in accordance with claim 
^ od OVO— 

7 wherein one of saidjremotely commandable operational 
s A 

characteristic]^ comprises an infusion rate variable on command, 
said infusion apparatus further comprising means for inhibiting 
sad infusion apparatus further comprising means for inhibiting 
said infusion means from infusing said selected medication if a 
preselected medication infusion rate is exceeded by a commanded 
infusion rate, said inhibiting means being operably coupled to 
said infusion means. 




a<& 


T A programmable infusion system in accordance with claim 


wherein said inhibiting means comprises at least one means 
for defining a fixed infusion rate limit. 




A programmable infusion system in accordance with claim 


, wherein said means for defining a fixed infusion rate limit 

N 

is hardwired. 



x^ 


A programmable infusion system in accordance with claim 

0 

frT* wherein said preselected medication infusion rate is 
remotely selectable. 


4&£ 


0 


& 

t 


l 


programmable infusion system in accordance with claim 
f" wherein said preselected medication infusion rate comprises 
a remotely selectable rate and a fixed rate, said remotely 
selectable rate being limited by said fixed rate. 

n .***" 3.49 1 A programmable infusion system in accordance with claim 
r 348, wherein &^id inhibiting means comprises: 


at least one programmable rate memory unit coupled to said 

I command receiver me^ns, each of said ^programmable rate memory 

A 

units for receivii^ jbpd storing an infusion rate input command 

corresponding to said isemotely selectable rate;^ 

at least one limit control unit ^each of which-provld^s a 

fixed rate limit; and 
i 

y | means for comparing eacftyof said infusion rate input 

| commands to a corresponding said fixed rate limit, infusion of 
I said medication at a rate exceeding said fixed rate limit being 

f- inhibit ed . 

? ! 

■‘S — 

TT A programmable infusion system in accordance with claim 

wv rs^ further comprising command decoder means for coupling^saicT 

tM*jdbd ^ 

[at least one said_j?rogrammable rate memory to sa i d * command 
‘receiver means, said command decoder means for decoding said 
command signals received by said command receiver means into 






‘-‘“VOQ, 

said infusion rate inputs for receipt by and storage in said at 

least one programmable rate memory tnw^. 

A, A 


&7 


, A programmable infusion system in accordance with claim 

o4" OWj— 

wherein each of said^limit control units are hardwired. 
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6 A 


A programmable infusion system in accordance with claim 
m, further comprising means for generating an alarm signal 
when any infusion rate input command exceeds a corresponding 
fixed rate limit. 






(o*f 
ar. a 

3 At #7 wherein said inhibiting means precludes infusion of said 


A programmable infusion system in accordance with claim 


t 


medication by said infusion means, when the selected said 
commandable infusion rate exceeds said preselected infusion rate 


during a 


window of time^ which shifts continuously. 




A 7 b 

A programmable infusion system in accordance with claim 
wherein said inhibiting means precludes infusion of said 
medication by said infusion means when the selected said 
commandable infusion rate exceeds said preselected^infusion rate 
during a /fixed window of time i which shifts continuously. 



me i wi 

A 


programmable infusion system in accordance with claim 
,3^4, wherein\said fluid handling mechanism of said infusion 

f \ 

Imeans includes\a pump means which executes in pulses, said 


inhibiting means ^comprising a programmable memory rate unit 

1 \ JU 

coupled to said comrqand receiver for storing initially a^ number 
corresponding to a first maximum number of infusion pulses 
preselected as al lowMle\during a first shifting time window of 
?a predetermined length, pulse quantities being subtracted from 
fsaid "IF&st number stored in said programmable memory rate unit 
|as infusion pulses are executeovby said infusion means, pulse 


^quantities being added to said number as time elapses such 

i 

that said number does not exceed said first maximum number, said 

I \ 

I subtraction and addition being accomplished m running integral 
fashion, said inhibiting means not permitting pulsing of said 
pump means a— num be r of -^ L - i -me-s in excess of^a id ^number stored in 


said programmable memory rate unit. 




" 1 
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^ < ’*356.\a programmable infusion system in accordance with claim 

355, wherein said memory rate unit also records the number of 

pulses which have been inhibited and causes said pump means of 

said fluid handling mechanism to execute said pulses when said 
\ ■ Un*^V . 

pulses can be subtracted from said number-stored in said 

programmable memory rate unit as a result of the elapse of time. 


357. A programmable infusion system in accordance with claim 

355, wherein said programmable memory rate unit also stores 

initially another nuriSer corresponding to a second maximum 

number of infusion feuljyes preselected as allowable during a 

second shifting time window of a predetermined length, said 

second shifting time window being longer in length than 

said first shifting time window, pulse quantities being 

subtracted from said another \number stored m said programmable 

memory rate unit as infusion pulses are executed by said 

J infusion means, pulse quantities being added to said se^ozud- 

t irf*. ^ 

number as time elapses such that ^aid another^ number does not 
exceed said first maximum number, Wid subtraction and addition 
being accomplished in running integral fashion, said inhibiting 
means not permitting pulsing of said Ipump means a— num ber of 

-flu.. *<>&- ref*'? 

times in excess of said another number \stored in said 


programmable memory rate unit. 






A programmable infusion system in accordance with claim 
3-977" wherein said rate memory unit also records the number of 
pulses which have been inhibited and causes said pump means of 
said fluid handling mechanism to execute said pulses when said 
pulses can be subtracted from said numbers stored in said 

A A 

programmable memory rate unit. 


4 #; 


28 ?, ' 


programmable infusion system in accordance with claim 


wherein said inhibiting means further comprises at least 
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one fixed infusion rate limit which limits the total maximum 
infusion rate of said infusion means. 






A programmable infusion system in accordance with claim 
^5 wherein said fixed infusion rate limit is hardwired. 




7T A programmable infusion system in accordance with claim 
r, further comprising means for generating an alarm signal 
when any commanded infusion rate results in the inhibiting of 
. pulsing of said pump means by said inhibiting means. 




7 ? 


r. A programmable infusion system in accordance with claim 
tu wherein said alarm signal comprises a subcutaneous 


electrical stimulation. 


StfS 


. A programmable infusion system in accordance with claim 


further comprising command decoder means for coupling said 
command receiver means to said programmable memory rate unit, 
said command decoder means for decoding said command signals 
received by said command receiver means into said first and 
second. numbers of infusion pulses. 

A 




A programmable infusion system in accordance with claim 

AL>0 

;34-4^wherein said inhibiting means is operably coupled to said 
telemetry means, said inhibiting means providing a signal to 
said telemetry means for telemetering to. said telemetry 
receiving means operational information pertaining to the 
functions of said inhibiting means. 


ML 


jq ^ fry A programmable infusion system in accordance with claim 

further comprising means for generating an alarm signal 


when said inhibiting means inhibits said infusion means. 



o 


t~A programmable infusion system in accordance with claim 
further comprising means for recording when said inhibiting 
means inhibits said infusion means. 

^ A programmable infusion system in accordance with claim 

wherein said recording means is coupled to said telemetry 
means, said recording means providing a signal to said telemetry 
means for telemetering to said telemetry receiving means 
operational information pertaining to said inhibiting means as 
recorded by said recording means. 

p- iL f 

A programmable infusion system in accordance with claim 

i 

said infusion apparatus further comprising means for 

generating a distinctive alarm signal pattern for each of a 

plurality of improper . e pcrafri - on conditions. 

„ A * 

^ <J/ ,~qn programmable infusion system in accordance with claim 

^ f a’fift. wh^cixU said* alarm signal ■ars—tJel' ivei?e4— to said living body 



368, 
subcutaneous 1} 




370. A programmable infusion system in accordance with claim 

1 369, further compr^nsng means for detecting a medication leak 
k • 4v - SxKcSU^ ^ / \ 

coupled to said aiSfrm means^ wherein one of said improper 
foperation^conditions comprises a medication leak out of said 


^medication reservoir. 


\ 


371. A programmable infusion system in accordance with claim 

| 369 , further comprising means for\detecting a body fluid leak ; 

I e&h. t v^eovs \ 

coupled to raid alarrn^means jWhereinXpne of said improper 

| operation^conditions comprises a leakNof body fluids into said 

I 

“^infusion apparatus. 


C 
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A programmable infusion system in accordance with claim 
369/ further comprising means for detecting the rate at which 
said infusion means is operating coupled to said alarm A means, 
wherein on4 of said improper operation conditions comprises 
operation on said infusion means at an improper rate. 


373. A programmable infusion system in accordance with claim 

© \ J . . 

369, wherein one of said improper operation^ conditions comprises 
receiving of a command by said command receiver, which cannot be 
executed . 


374. A programmable infusion system in accordance with claim 

© \ 

369, further comprising^ battery means for powering said infusion 
means and means for determining the voltage of said battery 



^ coupled to ‘said a larm^rie^ns , wherein one of said 


improper 


operation^ condition^ comprises low battery voltage. 




375. A programmable infusion system in accordance with claim 
369, further comprising means for detecting the amount o£ 
medication disposed in said reservoir coupled to said alarm A 

\ * j®**-*^^** 

means^ wherein one of said improper operation conditions J 

comprises a preselected amount of medication remaining in said 
medication reservoir. 


X' 


376. A programmable infusion system in accordance with claim 


368, further comprising means for detecting a medication leak ; 

SC Ji \ 

^coupled to said alarm A means ^wherein one of said improper 

^ J^oo^Wj \ 

operation^ conditions comprises a medication leak out of said 
medication reservoir. 


(-£} 377. A programmable infusion system ±i\ accordance with claim 

368, further comprising means for detecting a body fluid leak ; 
coupled to said alarm. means wherein one of Said improper 

A ^ ' \ 
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i 

operati^n^conditions comprises a leak of body fluids into said 
injkis ion Vapparatus . 


378* A programmable infusion system in accordance with claim 
368, further \compri sing means for detecting the rate at which 
said infusion \neans is operating^ coupled to J said alarm^means, 
wherein one of Wid improper operation^ conditions comprises J 
operation of said invusion means at an improper rate. 


379. A programmable infusion system in accordance with claim 
V A . . 

368, wherein one of $aid improper operation^ conditions comprises 
receiving of a command^py said command receiver^ which cannot be 
executed . 


380. A programmable infusion system in accordance with claim 
368, further comprising battery means for powering said infusion 
means and means for determining the voltage of said battery 
^coupled to said alarm A means ) wl^rein one of said improper 






: operation conditions comprises 


3W battery A voltage . 


381. A programmable infusion system in accordance with claim 
368, further comprising means for detecting the amount of 
medication disposed in said reservoir coupled to said alarm „ 

< means v wherein one of said improper operation^conditions J 

| comprises a preselected amount of medication remaining in said 


i 


medication reservoir. 



A h per. A programmable infusion system in accordance with claim 

W 

further comprising means for simulating said improper 
operational conditions for test 




% 38S-f A programmable infusion system in accordance with claim 
7 wherein said fluid handling mechanism includes means for 


60 



pumping a preselected amount of medication into said living 
body, said infusion apparatus further comprising means for 
recording the rate at which pumping is effected by said pump^s^ 


^ogrammable infusion system in accordance with claim 


84 • A ] 

;383, wherein skid recording means comprises: 


means for storing the rate at which said pumping means pumps 
over a preselected Me period; 

means for storfnq^V programmable input corresponding to a 
minimum medication infusion rate; and 


■f A+ t 

rocordi - n a J 


means for comparing theNjate recorded by said r-eee*?4ing 

5&covtd A 

means to the rate stored in skid storing means. 


| 2 JB further comprising means for providing an alarm signal when 
//■said rate recorded by said‘ ^ 

*t£ / 

minimum medication infusion rat 


A programmable infusion system in accordance with claim 


g m^ansrrirf'^less than said jp w ^ ' J 


ni 


fc u ia\k 


A programmable infusion system in accordance with claim 


| wherein said recording means is coupled to said telemetry 

I means for telemetering information j fedwed ’ 1 ’ by said recording 

I 't 

| means out of said living body. 

I <LM 


uc 



. A programmable infusion system in accordance with claim 
wherein said recording means comprises: 
means for storing the rate at which said jumping means pumps 
over a preselected time period; and 

means for storing the rate at which said ^ pumE&ng means 

A 

signalled to pump over said preselected time period. 


is 


at 


A programmable infusion system in accordance with claim 
further comprising means for comparing the rates recorded 


V 


% 

ty^both said storing means. 





$6-9''. A programmable infusion system in accordance with claim 
wherein said comparing means is coupled to said telemetry 
means for telemetering information d e duc e d - by said comparing 

A 

means out of said living body. 


JEWT. A programmable infusion system in accordance with claim 
further comprising means for providing an alarm signal when 
the rate at which said p umpiwg means pumps is different than the 
rate at which said pump l eg- means signalled to pump. 

/ a 




A programmable infusion system in accordance with claim 


J&nY wherein said recording means is coupled to said telemetry 
means for telemetering information recorded by said 

recording means out of said living body. 


A programmable infusion system in accordance with claim 
^atTT, wherein said pump means executes in pulses, said recording 
means comprising a pulse rate detector comprising: 

• means for counting the number of times said j pumfting means 

* 

pumps over a preselected time period, said counting means 
storing the count; 

P 

| ^ minimum rate memory means for storing a programmable number 
input corresponding to a minimum medication infusion rate; and 
means for comparing the number counted by said counting 
means with said programmable number input stored in said minimum 
rate memory means. 




A programmable infusion system in accordance with claim 
further comprising means for providing an alarm signal when 
said count is less than said programmable number input stored in 
said minimum rate memory means. 
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A programmable infusion system in accordance with claim 
•g&lr, wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 

lA 

^ ypo* A programmable infusion system m 


accordance with claim 
^9-^7 wherein said counting means comprises a pressure 
transducer. 






A programmable infusion system in accordance with claim 


wherein said comparing means is coupled to said telemetry 

eat 

means for telemetering information ~doduood . by said comparing 

A 

means out of said living body. 

rJ&'T. A programmable infusion system in accordance with claim 
j&ft, wherein said pump means executes in pulses, said recording 




means comprising a pulse recorder comprising: 

t/ 

i * means for counting the number of times said^pon^ing' means 

A 

pumps over a preselected time period, said counting means 
storing the count; and 

f> 

I * 

'5 means for counting the number of times said pumping- means is 

A 

commanded to pump over said preselected time period. 

J9TTT A programmable infusion system in accordance with claim 


0 


-3#T7 wherein said pulse recorder further comprises means for 
comparing the limber^ recorded by both said counting means. 


% 




ais 




A programmable infusion system in accordance with claim 


wherein said comparing means is coupled to said telemetry 

:ion e h by 


means for telemetering information 
means out of said living body. 


A 


by said comparing 


) \ 
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' ,l A programmable infusion system in accordance with claim 
S&-7, further comprising means for providing an alarm signal when 
said numbers recorded by both said counting means are different. 


flu 


t&T. A programmable infusion system in accordance with claim 
wherein said alarm signal comprises a subcutaneous 


electrical stimulation. 




A programmable infusion system in accordance with claim 


wherein said recording means is coupled to said telemetry 
means for telemetering information recorded by both said 
counting means out of said living body. 




jte: 


A programmable infusion system in accordance with claim 


wherein said first recited counting means comprises a 


pressure transducer. 


^ SIX'- A programmable infusion system in accordance with claim 
further comprising means for maintaining the pressure within 
said medication reservoir at a pressure level below the internal 
pressure of said living body. 


4w5*. A programmable infusion system in accordance with claim 
wherein said pressure maintaining means comprises: 

^ a flexible diaphragm which divides said medication reservoir 

into a medication chamber and a liquid-vapor pool chamber; and 

Q 

[ a liquid vapor pool disposed within said liquid-vapor pool 
chamber/ the proportion of liquid to vapor in said liquid-vapor 
pool varying in response to variations in the amount of said 
selected medication disposed in said medication chamber. 






A programmable infusion system in accordance with claim 


said infusion apparatus further comprising switch means 


! V / 

; /y< 
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disposed within said medication reservoir, said switch means 
being coupled to said telemetry means and being activated when 
said flexible diaphragm is disposed in a preselected 
relationship relative to said switch means, said telemetry means 
telemetering a signal indicative of such an operational 
condition to said telemetry receiving means. 


(\ 


x 




-J&T* A programmable infusion system in accordance with claim 
wherein said switch means is activated by pressure exerted 
thereon by said flexible diaphragm, said pressure being less 
than the ambient pressure of said body. 






.jW. A programmable infusion system in accordance with claim 


said infusion apparatus further comprising an antechamber 
through which access is gained to said medication reservoir, and 
a reservoir inlet valve located between said antechamber and 
said medication chamber, said reservoir inlet valve being 
operable when the pressure in said antechamber exceeds the 
pressure in the reservoi r^ chamber by more than a predetermined 

A 

differential. 


i 


it 


A 


programmable infusion system in accordance with claim 


JtffS, wherein the volume of said antechamber is less than 10% the 
volume of said chamber. 

A 




a 


_4dr07 A programmable infusion system in accordance with claim 


further comprising an inlet filter means operably disposed 
between said antechamber and said medication chamber for pre- 
venting impurities in said selected medication in said 
jin Le/ oil JIN Liu r from passing into said medication chamber when^ 
reservoir inlet valve is opened^said filter means also 
preventing said selected medication in said medication chamber 
from rapidly entering said living body in the event of a leak in 
said inlet valve. 


c 


U 

1 
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A programmable infusion system in accordance with claim 
Y*, further comprising means for programmed pumping, of 
fixed-volume pulses of medication into said living body. 

/ ' 

1/ A programmable^ inf us ion system for providing medication 

to a living bod^J^omprising: 


j 

/ • 

\ 

\ 


an infusion apparatus for implantation in said living body. 


said apparatus including 


n 


a medication reservoir for storing selected medication, 
means for infusing said selected medication stored in 


said medication reservoir into said living body, said infusion 
means having an infusion rate variable upon command, 

2^ command receiver means coupled to said infusion means 
for receiving command signals, and 


fj 




means for inhibiting said infusion means from infusing 


said selected medication if a preselected medication infusion 
rate is exceeded, said inhibiting means being operably coupled 
to said infusion means; and 


| command source means external to said living body for 
transmitting said command signals to be received by said command 
receiver means. 


2# 


3* 




A programmable infusion system in accordance with claim 
wherein said inhibiting means comprises at least one means 
for defining a fixed infusion rate limit. 


ti 6 


M jwAtfC. A programmable infusion system in accordance with claim 
Jjr3"7wherein said, means for defining a fixed infusion rate limit 

A 


is hardwired . 


n 

n 


\ _y \J 
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A programmable infusion system in accordance with claim 
wherein said preselected medication infusion rate is 
remotely selectable. 

A programmable infusion system in accordance with claim 
sr wherein said preselected medication infusion rate comprises 
a remotely selectable rate and a fixed rate, said remotely 
selectable rate being limited by said fixed rate. 


|-V/ programmable infusion system in accordance with claim 

; ' c, ' N i /' \ 

/16, wherein said inhibiting means comprises: 
j C / / at least one programmable rate memory unit coupled to said 

\ ' y / j A ’ 

/ / command receiverNmeans, each of said programmable rate memory 

f t \ /v 

/ units for receiviifi\and storing a^infusion rate input command 

f Cp\ A , 

corresponding to said X^motely selectable rate? 

at least one limit control unit ; each of^ whioh previdoo a 
^ | fixed rate limit; and Nv 

| means for comparing each oK^said infusion rate input 
j commands to a corresponding said fixed rate limit, infusion of 
jOi | said medication at a rate exceeding\aid fixed rate limit being 
P ^ \ | inhibited. \ 


■'hi I 

I & , 4rt8T A programmable infusion system in accordance with claim 

G ^ . . ao-eJv 

further comprising command decoder means for coupling said 

p fy ( w ' ^ 

L -' ;* \ j at least one qjsi^ programmable rate memory unit to said command 

t / f . A 

j receiver means, said command decoder means for decoding said 

1 | command signals received by said command receiver means into 

\ i . . _ . . Ca** 

a $ said infusion rate inputs for receipt by and storage in A said at 

a f . a 

I least one programmable rate memory 




A programmable infusion system in accordance with claim 

• «t kuo+f <r»oi_ U>\£ 

V wherein each of said limit control units hardwired . 

A A 
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A programmable infusion system in accordance with claim 

py 

further comprising means for generating an alarm signal 
when any infusion rate input command exceeds a corresponding 
fixed rate limit. 


JMT. 

js?*. 


A programmable infusion system in accordance with claim 


JQrrf wherein said inhibiting means precludes infusion of said 
medication by said infusion means when the selected said 
commandable infusion rate exceeds said preselected medication 
infusion rate during a window of time which shifts 0 * 

1 A 

continuously. 


programmable infusion system in accordance with claim 

r 4ef2, wherein said inhibiting means precludes infusion of said 

/ \ i 

/medication w said infusion means when the selected said 

| infusion ratevexceeds said -preselected, infusion rate during a 

f-fri window on time! which shifts continuously. 

\ A 


f 423. A programmable infusion system in accordance with claim 

i I 412, wherein said i^usion means includes a pump means which 
\ | executes in pulses(^£a\d inhibiting means comprising a 

- f programmable memory rate\unit coupled to said command receiver 
| for storing initially a; number corresponding to a first maximum 

V £ ■ \ 

\ § number of infusion pulses preselected as allowable during a 

. I § first shifting time window of predetermined length, pulse 

M | \ 

| quantities being subtracted from, said number stored in said 

S programmable memory rate unit as infusion pulses are executed by 

f\ | said infusion means, pulse quantities being added to said stored 

1/ | number as time elapses such that said\number does not exceed 


| said first maximum number, said subtraction and addition being 
| accomplished in running integral fashionX said inhibiting means 

| X - K 

| not permitting pulsing of said pump means a s -^mTnbeT*^f^tmes in 
i excess of^said number stored in said programmable memory rate 
\ unit. \ 


2Y_-f~t±Tnes 
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424. A programmable infusion system in accordance with claim 
423, wherein said memory rate unit also records the number of 
pulses which have been inhibited and causes said pump means of 
said infusion means to execute said pulses when said pulses can 
be subtracted from^ said^number stored in said programmable 
memory rate unit as\a result of the elapse of time. 


A) 

/ 

\ 

Hi 


v 


t 


425. A programmablet infusion system in accordance with claim 
| 423, wherein said programmable memory rate unit also stores 

I • 

| initially another ^number corresponding to a second maximum 

| K V 

I number of infusion pulses preselected as allowable during a 

1 

second shifting time win^ggf? 6f a predetermined length, said 
second shifting time window be'ing longer in length than said 
first shifting time window, puisne quantities being subtracted 

| from said another^ number stored i\j said programmable memory rate 

§ 

: unit as infusion pulses are executed by said infusion means, 

I pulse quantities being added to said\ another sfcb3?ed number as 
| time elapses such that said another a nujnber does not exceed said 

I 

| first maximum number, said subtraction \nd addition being 


| accomplished in running integral fashion^ said t inhibiting means 
1 not permitting pulsing of said pump means 

| excess of ^ said another number stored in saic^ programmable memory 

* ^ i ’ /jsf 


ftber , .of --times in 


: -unit. 




fee-. A programmable infusion system in accordance with claim 

^£257 wherein said rate memory unit also records the number of 

pulses which have been inhibited and causes said pump means of 

said infusion means to execute said pulses when said pulses can 

J 

be subtracted from u mhp.TV' stored in said programmable 
memory rate unit. 





A programmable infusion system in accordance with claim 
wherein said inhibiting means further comprises at least 



one fixed infusion rate limit which limits the total maximum 
infusion rate of said infusion means. 






programmable infusion system in accordance with claim 


'SM 0 , wherein said fixed infusion rate limit is hardwired. 


3 ^ 




A programmable infusion system in accordance with claim 


further comprising means for generating an alarm signal 


when any commanded infusion rate results in the inhibiting of 
pulsing of said pump means by said inhibiting means. 




/J' J&O'T" A programmable infusion system in accordance with claim 
wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 


M2 


programmable infusion system in accordance with claim 


■4257" further comprising command decoder means for coupling said 
command receiver means to said programmable memory rate unit, 
said command decoder means for decoding said command signals 
received by said command receiver means into said first and 
second numbers of infusion pulses. 

A ^ 


t A programmable infusion system in accordance with claim 


-4r3r27 further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, said operational information including information 
pertaining to the functions of said inhibiting means, and means 
for receiving said telemetered operational information external 
to said living body. 




S A programmable infusion system in accordance with ^laim 

wherein one of said command signals transmitted by said 
command source means comprises a signal which corresponds to a 
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selected operational rate at which said infusion means will 
infuse said selected medication into said living body. 




j&rr a 


programmable infusion system in accordance with claim 

further comprising means for telemetering operational 

information pertaining to said infusion apparatus out of said 

living body, and means for receiving said telemetered 

operational information external to said living body, wherein 

said command source and said telemetry receiving means are 

embodied in a patient programming unit external to said living 

body, said patient programming unit having a plurality of 

operational medication dose inputs each corresponding to a 

medication infusion rate selectable and requestable by the 

patient, said patient programming unit for selectively 

crru. 

transmitting a command signal corresponding to a selected.said 

f\ 

medication dose i«p»t. 

^ Programmable infusion system in accordance with ^laim 
-43*47“ wherein said infusion apparatus further comprises 
electronic control means coupled to said infusion means and said 

rYVAO-K^j 

command receiver means, said olootric control means /for 

A A 

maintaining a history of the infusion rate at which said 

YYVXCl-V-0 

infusion means has operated, said electronic control means^for 
precluding the infusion of said selected medication by said 
infusion means if said rate requested by said patient 
programming unit exceeds a predetermined safe medication 
infusion rate based on said maintained history. 

*—4315. A programmable infusion system in accordance with claim 
**$55, wherein said electronic control means is coupled to said 
telemetry means, said patient programming unit including means 
for indicating to said patient if said selected infusion rate 
exceeds said predetermined safe medication infusion rate, said 


?- 


b 6 ) 
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i^lcgrtivn control means selectively sending a signal to said 

A 

indicating means via said telemetry means and said telemetry 
receiving means, said telemetry receiving means being coupled to 
said indicating means . 

y t ^ A programmable infusion system in accordance with claim 

-455, wherein said patient programming unit further comprises 
annunciator means and visual display means for providing 
information regarding previously selected medication infusion 
rates, .for indicating whether a proper programming of a 
presently requested infusion rate has been communicated to said 
command receiver, and for selectively providing information as 
to the time and rate of previously selected medication infusion. 






JrttT * A programmable infusion system in accordance with claim 
further comprising means for selectively supplying power to 
said command receiver means, said supply means being coupled to 
an external power source, said supply means being external to 
said living body, said infusion means being powered by an 
implanted power source. 




,^>6^ ^^programmable infusion system, in accordance with 
claim \A2fr; wherein said supply means provides an alternating 
field. 


HTT ^pr ogrammable infusion system, in accordance with 
claim wherein said infusion apparatus further comprises 

detector means for detecting said alternating field and for 
converting the same into electrical energy, said detecting means 
being coupled to said command receiver. 




k programmable infusion system in accordance with claim 
wherein said infusion apparatus further comprises means for 


rectifying -said electrical energy into a d.c. power signal 



ft 


A nrogrammable infusion system in accordance with 

3^7 

claim JAtr, wherein said d.c. power signal is coupled to said 
implanted power source to effect the charging thereof. 


^y) A programmable infusion system in accordance with claim 

further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
telemetry means being coupled to said rectifier means and being 
powered by said d.c. power signal. 

A programmable infusion system in accordance with claim 
“iLttl further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
telemetry means also being supplied power by said supply means. 

H 

>. A programmable infusion system in accordance with claim 
J7 1 further comprising means for selectively recharging said 
implanted power source, said recharging means being powered by 
said supply means. 







r+MT. A programmable infusion system in accordance with claim 


wherein said infusion means comprises a fluid handling 
mechanism for delivering said selected medication, said 
operational information including information about the 
operation of said fluid handling mechanism. 




2 A programmable infusion system in accordance with claim 
7 wherein said fluid handling mechanism comprises means for 


pumping said selected medication 




448. A programmable .illusion system in accordance with claim 
447, where in^t^v amount ^of medication pumped by said pump me 
is— eontrol-led-by— a\ 


ans 






JU^. A programmable infusion system in accordance with claim 


wherein said pump means operates in a pulsatile mode. 


tfj? 

„J£iO-r A programmable infusion system in accordance with claim 

? 

J7 wherein said pump means pumps a fixed volume of said 
selected medication each time said pump means is pulsed. 





D' 


^ .H 15 A programmable infusion system in accordance with claim 
prVT? wherein said pump means comprises variable volume means for 
storing said selected medication within said pump means, an 
increase in volume of said variable volume means permitting 
drawing of said selected medication into said pump means, 
decrease in volume of said variable volume means permitting 
expulsion of said selected medication from said pump means. 



*ui. 

C .vA, 

o 'v 9 programmable infusion system in accordance with claim 

•~-s\ / r 4 51» wherexh. said variable volume means comprises at least one 

" l/ / . \ <4j 

flexible wal 1 ,\movement of said flexible wall varying the volume 



of said variable volume meansj^and means for moving said * 


flexible wall. 


453. A programmable infusion system in accordance with claim 
452, further comprising spring means for urging said A wall in a 


^manner which decreases the volume of said variable volume means, 
! the magnitude of the force appliedN^o and stored by said spring 
fmeans increasing as the volume of saick variable volume means 
{increases due to the displacement of saickf lexible wall thereof 


Jb^said moving means. 



454* A 


gfiA* A programmable infusion system in accordance with claim 
ochJjLo^vCruu-. 

wherein said, flexible wall comprises a bellows assembly 
n 

having mounted on one end thereof a plate, the other end of said 
bellows, .being in communication with said selected medication. 


the walls of said bellows serving as said spring means. 

A 


JCs-t, wherei 


programmable infusion system in accordance with claim 


wherein said plate has a surface in contact with said 
selected medication when drawn into said variable volume means. 

,22.2- 

A/af -4r5t>. A programmable infusion system in accordance with claim 

f?r 

. 4S5 n wherein said bellows^ is inhibited from moving said plate 
when the pressure (p) in said variable volume means exceeds the 
spring force (F) of said bellows dividea by the wetted area (A) 


by the wetted area (A) 


of said surface of said plate in contact with said selected 

F 

medication, that is when p > ^. 

■ 37 J, 

A programmable infusion system in accordance with claim 
wherein. said moving means c omprises :>aid 1 plaU > baling 

r ^ ^ ^ 


magnotiamble ■ and a coil disposed proximate to said plate, said 

A T 

coil selectively radiating a pulsing magnetic field, pulsing of 
said coil causing said plate to be moved. 




A programmable infusion system in accordance with claim 
wherein said plate comprises a permanent magnet. 


^ TO. A programmable infusion system in accordance with claim 

further comprising means for limiting the distance said 

cu OK A 

plate can move in both the* volume increasing direction and th e-. 

A A 

volume decreasing direction. 

* t A programmable infusion system in accordance with claim 

wherein said infusion means further comprises: 
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m an interface pressure fra - Lq e through which said selected 

» * . A 

medication enters said variable volume means from said 

„ . . . VoJLv^u 

medication reservoir, said interface pressure y »lu ^ being 

normally closed; 

| ^ an outlet chamber which is in communication with said living 
body; and 

an outlet pressure valve located between said variable 
volume means and said outlet chamber, said outlet pressure valve 
being normally closed, an increase in volume of said variable 
volume means causing said interface pressure valve to open and 
medication to enter said variable volume means, a decrease in 
volume of said variable volume means causing said outlet 
pressure valve to open and said interface pressure valve to 
close, so as to permit medication to enter said outlet chamber 
as a pressure pulse. 




A programmable infusion system in accordance with claim 
jSj*&r wherein said outlet chamber comprises an elastic wall 
having a fluidic capacitive effect on the flow of said selected 
medication and a filter element through which liquid flow to the 


said body is resisted, said elastic wall and said filter 

A 

comprising a fluid resistance - capacitance arrangement with 
respect to said flow of said selected medication from said 
outlet chamber into said living body. 

further comprising means for feeding said selected 
medication into said living body from said pump means in a flow 
which decays exponentially over time. 




SJf 


f±t T?. A programmable infusion system in accordance with claim 
wherein said feeding means comprises a mechanical 
resistance (R) and a mechanical capacitance (C) circuit ; 



resulting in an exponentially decaying outflow of medication for 
each said fixed volume pulse. 


*,n> 

t&r: a 


programmable infusion system in accordance with claim 


further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, wherein 
said infusion means further comprises an outlet chamber which is 
in communication with said living body, said pump means 

cJha-*v*-£)£A-v 

expelling said selected medication into said outlet m oano '; and 

A 

means for monitoring the operation of said pump means, said 
monitoring means being disposed in said outlet chamber and 
providing a signal in response to a pressure pulse in said 
outlet chamber caused by said pump means, said monitoring means 
being operably coupled to said telemetry means. 


AtL 




AG D r * A programmable infusion system in accordance with claim 


wherein said monitoring means comprises a pressure 
transducer. 


2 , 4 ^ 

A programmable infusion system in accordance with claim 




further comprising first means for indicating the operation 


of said pump means when a decrease in volume of said variable 
volume means is not followed by a signal from said monitoring 
means corresponding to a pressure pulse of said selected 
medication expelled into said outlet chamber, said first 
indicating means being operably coupled to said telemetry means. 


$16 


A programmable infusion system in accordance with claim 


3£®*jfurther comprising second means for indicating the operation 
of said pump means when a signal is provided by said monitoring 
means absent a decrease in volume of said variable volume means 


f 
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ofi n sprl • byssSs tz 


said second indicating means being 


operably coupled to said telemetry means. 





A programmable infusion system in accordance with claim 
Z&ArT*, further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, means for receiving said telemetered operational 
information external to said living body, and means for 
monitoring the operation of said pump means, said monitoring 
means being operably coupled to said telemetry means. 

i -4-6^. A programmable infusion system in accordance with claim 
j££&7 - 'wherein said monitoring means comprises pressure sensing 
means disposed in the path of flow of said selected medication 
into said living body, said pressure sensing means providing a 
signal in response to a pressure pulse in said path of flow. 

*IL 

A programmable infusion system in accordance with claim 
further comprising first means for indicating the operation 

■ 

y'* I of said pump mean^\when a decrease in volume of said variable 
| volume means is not^fol lowed by a signal from said monitoring 
means corresponding to a\pressure pulse of said selected 
medication expelled into sei\d outlet chamber, said first 
indicating means being operably coupled to said telemetry means. 

K ' 


t\! 1 A programmable infusion system in accordance with claim 

further comprising second means for indicating the 
joperation of said pump means when a signal is provided by said 


L 


fmonitoring means absent a decrease in volume of said variable 
jjvolume means K y r. gid movi n g m ~ nn Tj said second indicating 

| means being operably coupled to said telemetry means. 
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J&t 2T. A programmable infusion system in accordance with claim 


said infusion apparatus further comprising means for 

generating a distinctive alarm signal pattern for each of a 

plurality of improper operati o n conditions. 

A 





J 


programmable infusion system in accordance with claim 
■ whoro l n saia alarm signal i- s— dd - i rvered- to said living body 

' A 


subcutaneous 


474. A programmable infusion system in accordance with claim 

473, further comprising means for detecting a medication leak 
t v^V ) 

| coupled to said alarm A means wherein one of said improper 

* A \ 

operation^conditions comprises a medication leak out of said 

A \ 

medication reservoir\ 


4 75. A programmable \inf us ion system in accordance with claim 
p 473, further comprising means for detecting a body fluid leak t 

At | irAt(vu<> 

^*^1^ coupled to said alarm^mean^\\ wherein one of said improper 

| ft £j e/wtv<. \ 

I operation^conditions comprises a leak of body fluids into said 

£ I 

% 1 infusion apparatus. 


W 1 


476. A programmable infusion Nsystem in accordance with claim 


| 473, further comprising means for detecting the rate at which 
I said infusion means is operating coupled to said alarm, means, 

: :I\ I > * \ a w 

■I \ | \ 

wherein one of said improper operation, conditions comprises J 


n 


operation of said infusion means at an \improper rate. 


1/ I 


477. A programmable infusion system in accordance with claim 


I 473, wherein one of said improper operation conditions comprises 

I . \ 

| receiving of a command by said command receiyer A which cannot be 
| executed. 





,'‘4y8. A programmable infusion system in accordance with claim 

/ \ (r~ 

s' 473, further comprising battery means for powering said infusion 
\ ^ 

means an$ means for determining the voltage of said battery 
\ coupled to said alarm ^means ^wherein one of said improper 

\ K rvt**"*- 

\ operation f condition comprises low battery^ voltage. 


479. A programmable infusion system in accordance with claim 
473, further comprising means for detecting th^cfmount of 
medication disposed in said reservoir, coupled to said J alarm 

U J- 

A means ^ wherein one V)f said improper operation A conditions 
^°c^inprises a preselected amount of medication remaining in said 
medication reservoir! 


v>- 


480. A programmabletoin fusion system in accordance with claim 
472, further comprising means for detecting a medication leak 
■ ^coupled to said 5 alarm^means wherein one of said improper 

operation^, conditions comprises a medication leak out of said 
medication reservoir. 


* 481. A programmable infusion system in accordance with claim 
472, further comprising means fory detecting a body fluid leak 

l ^coupled to said alarm^ means ^wherein one of said improper 

f \ 

j operation^ conditions comprises a lea^k of body fluids into said 

* infusion apparatus. 


482. A programmable infusion systemyin accordance with claim 

detectrr 


the rate at which 
said alarmy means, 

wherein one of said improper operation^ondVtions concise? 


472, further comprising means for 
said infusion means is operating coupled 


) 


A 


operation of said infusion means at an improper rate. 

Trrf 

A programmable infusion system in accordance with claim 

DO I 

wherein one of said improper ^>pe ration^ conditions comprises 



t 


rrnjux^ 

receiving of a command by said command receiver which cannot be 

A 


executed . 


programmable infusion system in accordance with claim 



further comprising^ battery means for powering said infusion 
'‘If I means and mentis for .determining the voltage of said battery A v ^*^'~*V 


r 4 

^Tcounled 


[coupled to ?a id\ a larm^means wherein one of said improper 


operation^conditi£ 


comprises low battery voltage. 



485. A programmable infusion system in accordance with claim 

472, further comprising \jeans for detecting the amount of 

medication disposed in sai£^ reservoir coupled to said alarm ^ 

^ k JL 

means ^wherein one of said improper operation* conditions 
s comprises a preselected amount\>f medication remaining in said 
medication reservoir. 




A programmable infusion system in accordance with claim 
fjt ^27 further comprising means for simulating said improper 
operational conditions for test purposes. 





H2 

J&T. A programmable infusion system in accordance with claim 

l 

7 wherein said infusion means includes means for pumping a 
preselected amount of medication into said living body, said 
infusion apparatus further comprising means for recording the 

[rate at which pumprng^ is effected by said pumpl^rig. means. 

A'-Tw'c 

488. ^programmable infusion system in accordance with claim 
87, wherein ^id recording means comprises: 

means for storing the rate at which said pumping means pumps 
ver a preselectesl/titoe period; 

means for storing a programmable input corresponding to a 
Iminimum medication infusion rcite; and 



s joru^ 

means for bomparing the rate recorded by said recording J 

\ 5 e travel <eccfdj A 

means to the rate stored in said storing means . 


r\sc 


489. A prograCc^yLe infusion system in accordance with claim 


488, further comprising: means for providing an alarm signal when 

yh>riwi g 

said rate recorded by sa\d r-eeorrftfrhr means is less than said 


minimum medication infusioh rate. 

k • — ... \ ► 

y {« w 


’b k 


^r-eeoii^iriy means is less than said pr 0 <jt 




A programmable infusion system in accordance with claim 


^ srK 

Jfe&T further comprising means for telemetering information 
^deduutul by said recording means out of said living body, said 
telemetry means being coupled to said recording means, and means 
for receiving said telemetered information external to said 
living body. 




if* 7 


SAT. A programmable infusion system in accordance with claim 


wherein said recording means comprises: 

^ means for storing the rate at which said^ ^ompin ^ means pumps 

over a preselected time period; and 
f| means for storing the rate at which said ^ pump€ttg means is 

A 

signalled to pump over said preselected time period. 

* 

A programmable infusion system in accordance with claim 
further comprising means for comparing the rates recorded 
by both said storing means. 




A programmable infusion system in accordance with claim 
further comprising means for telemetering information 
- doduqad- by said comparing means out of said living body, said 
comparing means being coupled to said telemetry means, and means 
for receiving said telemetered information external to said 
living body. 


! t a 
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/i4W. A programmable infusion system in accordance with claim 

^4^27 further comprising means for providing an alarm signal when 

the rate at which said nj means pumps is different than the 

1-0 

rate at which said .p ump - lug means signal led to pump. 

/ . A 


M 


.tl A programmable infusion system in accordance with claim 

wU 

-45T, further comprising means for telemetering information 
recorded by - both -said recording means out of said living body, 
- bot - h - said recording means being coupled to said telemetry means, 
and means for receiving said telemetered information external to 
said living body. 




A programmable infusion system in accordance with claim 

wherein said pump means executes in pulses, said recording 

means comprising a pulse rate detector comprising: 

f> fu^p 

j ■ means for counting the number of times said ^pumpin g. means 

pumps over a preselected time period, said counting means 

storing the count? . 

minimum rate memory means for storing a programmable number 

input corresponding to a minimum medication infusion rate; and 

/ 

fj means for comparing the number counted by said counting 
means with said programmable number input stored in said minimum 
rate memory means. 


*1 *£&&?**& programmable infusion system in accordance with claim 
¥%r. further comprising means for providing an alarm signal when 


said count is less than said programmable number input stored in 
said minimum rate memory means. 


4// 


/ i A programmable infusion system in accordance with claim 

JA&T, wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 
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-«y. A programmable infusion system in accordance with claim 


'*%T, wherein said counting means comprises a pressure 
transducer. 




. A programmable infusion system in accordance with claim 
[497^ further comprising means for telemetering information 


A 


de d u eed- by said comparing means out of said living body, said 


comparing means being coupled to said telemetry means, and means 
for receiving said telemetered operational information external 
to said living body. 


m 




. . A programmable infusion system in accordance with claim 
wherein said pump means executes in pulses, said recording 
means comprising a pulse recorder comprising: 


-p uropi ri 


P 

I , means for counting the number of times said pumping means 

i 3 A 

pumps over a preselected time period, said counting means 
storing the count; and 

P 

I J means for counting the number of times said ^ pum^ny means is 

3 A 

commanded to pump over said preselected time period. 


41 


u/4 


A programmable infusion system in accordance with claim 


wherein said pulse recorder further comprises means for 
comparing the ^ -n umb e ^ recorded by both said counting means. 






*5<r3*. A programmable infusion system in accordance with claim 


^ !7 further comprising means for telemetering information 

1 by said comparing means out of said living body, said 


comparing means being coupled to said telemetry means, and means 
for receiving said telemetered information external to said 
living body. 



j-9-0 


;#<frA programmable infusion system in accordance with claim 

l in 

>0T7 further comprising means for providing an alarm signal when 
said numbers recorded by both said counting means are different. 


whe 


A programmable infusion system in accordance with claim 


wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 

A programmable infusion system in accordance with claim 
further comprising means for telemetering information 
recorded by both said counting means out of said living body, 
said recording means being coupled to said telemetry means, and 
means for receiving said telemetered information external to 
said living body. 


42 * 

a 


programmable infusion system in accordance with claim 


^SrOT, wherein said first recited counting means comprises a 
pressure transducer. 




. A programmable infusion system in accordance with claim 

further comprising means for maintaining the pressure 
within said medication reservoir at a pressure level below the 
internal pressure of said living body. 

rtf 

I J&&T. A programmable infusion sytem in accordance with claim 
JKT8, wherein said pressure maintaining means comprises: 
f s a flexible diaphragm which divides said medication reservoir 

p 

into a medication chamber and a liquid-vapor pool chamber; and 
J-% a liquid vapor pool disposed within said liquid-vapor pool 
chamber, the proportion of liquid to vapor in said liquid-vapor 
pool varying in response to variations in the amount of said 
selected medication disposed in said medication chamber. 
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A programmable infusion system in accordance with claim 
5&V, further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
infusion apparatus further comprising switch means disposed 
within said medication reservoir, said switch means being 
coupled to said telemetry means and being activated when said 
flexible diaphragm is disposed in a preselected relationship 
relative to said switch means, said telemetry means telemetering 
a signal indicative of such an operational condition to said 
telemetry receiving means. 




k? 


A programmable infusion system in accordance with claim 


wherein said switch means is activated by pressure exerted * 
thereon by said flexible diaphragm, said pressure being less 
than the ambient pressure of said body. 

4 ^ 

2 . A programmable infusion system in accordance with claim 
said infusion apparatus further comprising an antechamber 
through which access is gained to said medication reservoir, and 
a reservoir inlet valve located between said antechamber and 
said medication chamber, said reservoir inlet valve being 
operable when the pressure in said antechamber exceeds the 
pressure in ^Lhe- re servo it chamber by more than a predetermined 
differential . 




A programmable infusion system in accordance with claim 

wherein the volume of said antechamber is less than 10% the 

volume of said rooorvoir chamber. 

A 



£4? A programmable infusion system in accordance with claim 
further comprising an inlet filter means operably disposed 



between said antechamber and said medication chamber for 
preventing impurities in said selected medication in said 
antechamber from passing into said medication chamber when said 
reservoir inlet valve is opened, said filter means also 
preventing said selected medication in said medication chamber 
from rapidly entering said living body in the event of a leak in 
said inlet valve. 


4b 


I 

A programmable infusion system in accordance with claim 


J&Z? further comprising means for programmed pumping of 


fixed-volume pulses of medication into said living body. 


* 6 s **- 


436 


SdT^f. A programmable infusion system in accordance with claim 


-Ml?, further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, means for receiving said telemetered operational 
information external to said living body, and means for 
injecting medication into said medication reservoir, said 
injecting means being coupled to said telemetry receiver means, 
and programming means coupled to said telemetry means for 
indicating when injection of medication into said medication 
reservoir is appropriate. 


^ * programmable infusion a yst em £ or pro^lbg ^ 

to a living body. b compri sing: 

A 


| | An infusion apparatus for implantation in said living body, 
said apparatus including 

a medication reservoir for storing selected medication, 
means for infusing said selected medication stored in 
said medication reservoir into said living body, said infusion 
means having at least one remotely commandable operational 
characteristic^, 


/I 
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/' ... 

/ _ command receiver means coupled to said infusion means 

for receiving command signals, and 

P means for generating a distinctive alarm signal pattern 
for each of a plurality of improper oporat - ion conditions in said 

A 

system? and 

i) 

f | command source means external to said living body for 
transmitting said command signals to be received by said command 
receiver means. 

/Sl\. A programmable infusion system in accordance with claim 
hr 

*1 P 17 said alarm signal^ is— d e i- ivcro d to said living body 

A*\‘\ f j \ 

u | /subcutaneously. 

519. A prcigrammable infusion system in accordance with claim 
518, further comprising means for detecting a medication leak > 
f coupled to said alarm m 



m^means^ wherein one of said improper 

cdr<^ 




operation^ conditions^ comprises a medication leak out of said 
medication reservoir. 

V 

I 

o 

\ I 520. A programmable lhfusion system in accordance with claim 
| 518, further comprising means for detecting a body fluid leak^ 

*v ^4 ^ ^ b n 

f coupled to said a 


U \ operation^conditions comprises 
I I infusion apparatus. 


alarm means wherein one of said improper 


leak of body fluids into said 


I 521. A programmable infusion system in accordance with claim 
| 518, further comprising means for^ detecting the rate at which 

| 50 ,’uV roXt 

I | said infusion means is operating cou£ leek to said alarm means, 

|| 4 \ 

| ^wherein one of said improper operation^ conditions comprises 

* loperation of said infusion means at an improper rate. 



522. A programmable infusion system in accordance with claim 

518 , wherein one£cj£ said improper operation conditions comprises 

* 

receiving of a command by said command receiver^ which cannot be 
CKce t ated - 


523 A A programmable infusion system in accordance with claim 
518, further comprising^battery means for powering said infusion 
means and means for determining the voltage of said battery 
AV^coupled to said alarm 


^ K 


alarm means wherein one of said improper 


A 


ope rat ion^concfit ions Comprises low battery^ voltage. 






p' 


524. A programmable infusion system in accordance with claim 

518, further comprising means for detecting the amount of 

lae^y 

medication disposed \j.n said reservoir^coupled to said alarm 

v JL 

means^ wherein one of staid improper operation^ conditions 

comprises a preselected\ amount of medication remaining in said 
medication reservoir . 


525. A programmable/infusion system in accordance with claim 
517, further comprising me^nskfor detecting, a medication leak^ 

* ea ~ s V 

J coupled to said al arm ^means .wherein one of said improper 
A \ 

operation^ conditions comprises ^ medication leak out of said 
medication reservoir. 


526. A programmable infusion system in accordance with claim 


517, further comprising means for det 


Acting a body fluid leak^ 


oupled to said alarm means wherein one\of said improper 

A A * 

operatioi^ condition^ comprises a leak of >body fluids into said 
infusion apparatus. 


527. A programmable infusion system in accordance with claim 

517, further comprising means for detecting th& ^rate at which 

ScA<^ 'vk. - 

said infusion means is operating coupled to saiav axa 

/ ^ 


tarm means. 
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wlierein ohe of said improper operatior^conditions comprises 
operation qf said infusion means at an improper rate. 


528. A programmable infusion system in accordance with claim 
517, wherein one of said improper operation^ conditions comprises 
receiving of a command by said command receiver^ which cannot be 
executed . 


529. A prograimRcrole infusion system in accordance with claim 
o 

517, further comprising ^battery means for powering said infusion 
s. : means and means for determining the voltage of said battery 




iV^cou^led to said alarm^meVns wherein one of said improper 
operation^ condition^ comprises low battery^ voltage. 


530. A programmable infusion system in accordance with claim 
517, further comprising means\for detecting the amount of . 
medication disposed in said re^prvoir coupled to said alarm K 

means, wherein one of said improper operation conditions ^ 

\ 

comprises a preselected amount of \medication remaining in said 
-me dication roocrv o ig . 


i.ti 


ns 


. A programmable infusion system in accordance with claim 


J&lT, further comprising means for simulating said improper 
operational conditions for test purposes. 


44 4 




_S3^ A programmable infusion system in accordance with Claim 

^ 3 

; wherein one of said command signals transmitted by said 


command source means comprises a signal which corresponds to a 
selected operational rate at which said infusion means will 
infuse said selected medication into said living body. 




4? 


? A programmable infusion system in accordance with claim 


further comprising means for telemetering operational 



£ 

F 


& 


D' 

L 


t 


information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, wherein 
said command source and said telemetry receiving means are 
embodied in a patient programming unit external to said living 
body, said patient programming unit having a plurality of 
operational medication dose inputs each corresponding to a 
medication infusion rate selectable and requestable by the 
patient, said patient programming unit for selectively 


transmitting a command signal corresponding to a selected said 

A 

medication dose inpu t. 

jjr$ A 


dT'* 

Jsr33, wherei 


programmable infusion system in accordance with £laim 
wherein said infusion apparatus further comprises 


electronic control means coupled to said infusion means and said 
command receiver means, said olootrie control means for 

A A 

maintaining a history of the infusion rate at which said 


onic control 


means ..for 


infusion means has operated, said electronic 
precluding the infusion of said selected medication by said 
infusion means if said rate requested by said patient 
programming unit exceeds a predetermined safe medication 
infusion rate based on said maintained history. 


OS'/ 

— ->36 r* A programmable infusion system in accordance with claim 


rf wherein said electronic control means is coupled to said 
telemetry means, said patient programming unit including means 
for indicating to said patient if said selected infusion rate 
exceeds said predetermined safe medication infusion rate, said 

-swiy c Li ve... control means selectively sending a signal to said 

A 

indicating means via said telemetry means and said telemetry 
receiving means, said telemetry receiving means being coupled to 
said indicating means. 


h 


I 4 . 
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sie? A proc 



pi 


*7 A programmable infusion system in accordance with claim 
wherein said patient programming unit further comprises 
annunciator means and visual display means for providing 
information regarding previously selected medication infusion 
rates, for indicating whether a proper programming of a 
presently requested infusion rate has been communicated to said 
command receiver, and for selectively providing information as 
to the time and rate of previously selected medication infusion. 

4 s ? 

A programmable infusion system in accordance with claim 
pZffT further comprising means for selectively supplying power to 
said command receiver means, said supply means being coupled to 
an external power source, said supply means being external to 
said living body, said infusion means being powered by an 
implanted power source. 

wITT A programmable infusion system, in accordance with 


rJS. a pr< 

45 £ 


(jlaim j5^7"Vherein said supply means provides an alternating 
field. 


4 ^ 


Jr. sT» programmable infusion system, in accordance with 
claijfn wherein said infusion apparatus further comprises 

detector means for detecting said alternating field and for 
converting the same into electrical energy, said detecting means 
being coupled to said command receiver. 






a programmable infusion system in accordance with claim 
wherein said infusion apparatus further comprises means for 
rectifying said electrical energy into a d.c. power signal. 




A programmable infusion system in accordance with 
claim*^^, wherein said d.c. power signal is coupled to said 
implanted power source to effect the charging thereof. 
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A programmable infusion system in accordance with claim 
further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
telemetry means being coupled to said rectifier means and being 
powered by said d.c. power signal. 


A programmable infusion system in accordance with 


clainf 5^77* further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
telemetry means also being supplied power by said supply means. 


> A programmable infusion system in accordance with claim 

£ 377 further comprising means for selectively recharging said 
implanted power source, said recharging means being powered by 
said supply means . 


M 


A programmable infusion system in accordance with claim 
.irtT; wherein said infusion means comprises a fluid handling 
mechanism for delivering said selected medication, said 
operational information including information about the 
operation of said fluid handling mechanism. 

\ ^ 

^ >41>. A programmable infusion system in accordance with £laim 
wherein said fluid handling mechanism comprises means for 


pumping said selected medication. 


programmable infusion system in accordance with claim 

j L* I - An. Ct-~ t Jar'll; 

7 wlierein^the (ugpb^t of medication pumped by said pumping 


neans is coa ta 


>ure-4'±m5t-i*n^'sa'i^-puTnp-mean-&. 
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(/ .lltf* A programmable infusion system in accordance with claim 
wherein said pump means operates in a pulsatile mode. 

\ XJ&43. A programmable infusion system in accordance with claim 

m 

wherein said pump means pumps a fixed volume of said 
selected medication each time said pump means is pulsed. 

■ . 0 * 

I t A programmable infusion system in accordance with claim 

\j A wherein said pump means comprises variable volume means for 

storing said selected medication within said pump means, an 

increase in volume of said variable volume means permitting 

C a, 

Cp . drawing of said selected medication into said pump means, 

A 

decrease in volume of said variable volume means permitting 
expulsion of said selected medication from said pump means. 

A programmable infusion system in accordance with claim 
• I/^iA /so, wherein said variable volume means comprises at least one 
H If i /flexible^ wall, movement of said^ flexible wall varying the volume 
/( (j of said variable volume means*' and means for moving said ^ 


of said variable volume meansy and means for moving 


cible warl . 


I 552. \A programmable infusion system in accordance with claim 

| \ \ o-wt f f 

|551, further comprising spring means for urging said^wall in a • 

|nanner which d^creasek^the volume of said variable volume means, 

the magnitude of\the force^ applied to and stored by said spring 

means increasing as\the volume of said variable volume means 

I \ ,4 

increases due to the displacement of said flexible wall thereof 

[ s\ 

by said moving means./ \ 


I jf I 553. A programmable infusion system in accordance with claim 
% I [ 1 ^ 4 % 0 ^ 1 ^ \ 

I §52, wherein said A f lexible wall comprises a bellows assembly 
j fiaving mounted on one end thereof a\^l ate, the other end of said 
1 Lnows^erS' in communication with said selected medication, 

I w A ****■&, \ 

$ the w a 11s of said bellows^ serving as saia\spring means. 


/ 



/ 


Jt£p. 


A programmable infusion system in accordance with claim 
', wherein said plate has a surface in contact with said 
selected medication when drawn into said variable volume means. 




V> 


A programmable infusion system in accordance with claim 

DjrJ 0 

wherein said bellows is inhibited from moving said plate 

A 

when the pressure (p) in said variable volume means exceeds the 
spring force (F) of said bellows, d'i video by the wetted area (A) 

A 

of said surface of said plate in contact with said selected 

F 

medication, that is when p > t* 

&■>* 

556. A programmable infusion system in accordance with claim 
553, wherein s^i^-mov r ng mean o- > - C 0 mp r .i se a said plate bei-ng 
\ magnetizable f coil disposed proximate to said plate, said 

j 

{ coil selectively radiating a pulsing magnetic field, pulsing of 
said coil causing said\plate to be moved. 

a'b 

&£:■* 

where i 

A programmable infusion system in accordance with claim 
further comprising means for limiting the distance said 


programmable infusion system in accordance with claim 
wherein said plate comprises a permanent magnet. 



a- oo 

plate can move in both t h e - volume increasing direction and t h e 

A A 

volume decreasing direction. 


decre 

if 


■t 




Js#r a programmable infusion system in accordance with claim 


-& 6 rtT, wherein said infusion means further comprises: 
f) yo^v-*— 

n an interface pressure ^ yalue through which said selected 


medication enters said variable volume means from said 
medication reservoir, said interface pressure being 

normally closed; 

an outlet chamber which is in communication with said living 
body? and 


Pi 



1 


[ j an outlet pressure valve located between said variable 
volume means and said outlet chamber/ said outlet pressure valve 
being normally closed, an increase in volume of said variable 
volume means causing said interface pressure valve to open and 
medication to enter said variable volume means, a decrease in 
volume of said variable volume means causing said outlet 
pressure valve to open and said interface pressure valve to 
close, so as to permit medication to enter said outlet chamber 
as a pressure pulse. 



A programmable infusion system in accordance with claim 
wherein said outlet chamber comprises an elastic wall 
having a fluidic capacitive effect on the flow of said selected 
medication and a filter element through which liquid flow to the 
said iinrng body is resisted, said elastic wall and said filter 
comprising a fluid resistance - capacitance arrangement with 
respect to said flow of said selected medication from said 
outlet chamber into said living body. 

• J&l. A programmable infusion system in accordance with claim 
further comprising means for feeding said selected 

A 

medication intp said living body from said pump means in a flow 
which decays exponentially over time. 


&5T, 




A programmable infusion system in accordance with claim 
wherein said feeding means comprises a mechanical 


resistance (R) and a mechanical capacitance (C) circuit 
resulting in an exponentially decaying outflow of medication for 
each said fixed volume pulse. 






5J6-0T A programmable infusion system in accordance with claim 


further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 




living body, and means for receiving said telemetered 
operational inf orfoation'^ cjct- r 'niftrd • to said living body, wherein said 
infusion means further comprises an outlet chamber which is in 
communication with said living body, said pump means expelling 
said selected medication into said outlet - means , and means for 

A 

monitoring the operation of said pump means, said monitoring 
means being disposed in said outlet chamber and providing a 
signal in response to a pressure pulse in said outlet chamber 
caused by said pump means, said monitoring means being operably 
coupled to said telemetry means. 




$ 

.>6*. A programmable infusion system in accordance with claim 


wherein said monitoring means comprises a pressure 
transducer. 


1 


3^5^ A programmable infusion system in accordance with claim 
further comprising first means for indicating the operation 
of said pump means when a decrease in volume of said variable 
volume means is not followed by a signal from said monitoring 
means corresponding to a pressure pulse of said selected 
medication expelled into said outlet chamber, said first 
indicating means being operably coupled to said telemetry means. 

A programmable infusion system in accordance with claim 
-WS! further comprising second means for indicating the operation 
of said pump means when a signal is provided by said monitoring 
means absent a decrease in volume of said variable volume means 
gmicod « hy ft a . id . mrwi ng u mrn i TT, said second indicating means being 
operably coupled to said telemetry means. 






A programmable infusion system in accordance with claim 




further comprising means for telemetering operational 


information pertaining to said infusion apparatus out of said 



living body, means for receiving said telemetered 


operational^**! 


external to said living body, and means for 


monitoring the operation of said pump means, said monitoring 
means being operably coupled to said telemetry means. 


4 & 

A p 

wherein 


A^r. A programmable infusion system in accordance with els 
&T7 wherein said monitoring means comprises pressure sensing 


means disposed in the path of flow of said selected medication 
into said living body, said pressure sensing means providing a 
signal in response to a pressure pulse in said path of flow. 


programmable infusion system in accordance with claim 
^68, r f ur the r\compri sing first means for indicating the operation 
/of said pump mekns when a decrease of volume of said variable 
volume means is (nqjb\^o 1 1 owe d by a signal from said monitoring 
means corresponding to a. pressure pulse of said selected 
medication expelled into sa^d outlet chamber, said first 
indicating means being operablW coupled to said telemetry means. 


furl 


A programmable infusion system in accordance with claim 


further comprising second means for indicating the 

operation of said pump means when a signal is provided by said 

monitoring means - about? a decrease in volume of said variable 
r\ 


volume means 


said second indicating 


means being operably coupled to said telemetry means. 


A programmable * infusion system in accordance with claim 

t\ i ' uJr i ca&X. 

|^f | 517, wherein one "of said ^remotely command able operational 
| characteristics comprises an infusion rate variable on command, 

} \ said infusion apparatus -further comprising means for inhibiting 

1 ! sett ln ,c.ioc „e,»s * selected medication^ a 

preselected medication infusion rate is exceeded, said v 

A 

i inhibiting means being operably coupled to sai'd v infusion means. 


i 



/ A programmable infusion system in accordance with claim 


/€ 


wherein said inhibiting means comprises at least one means 


for defining a fixed infusion rate limit. 




\ $r 

) ,/d A programmable infusion system in accordance with claim 

I d* ip oJt CTVUL- 

wherein said . means for defining a fixed infusion rate limit 

1 4 


is hardwired. 


JtfO 


j\ 

j $ 


A programmable infusion system in accordance with claim 
i X? wherein said preselected medication infusion rate is 
\ \ remotely selectable. 




A programmable infusion system in accordance with claim 
tr x&TT, wherein said preselected medication infusion rate comprises 
|a remotely selectable rate and a fixed rate, said remotely 
i selectable rate being limited by said fixed rate. 





576. 


programmable infusion system in accordance with claim 


I I 

if | f 57)1, whereik said inhibiting means comprises: 

i v ! f \ 

at least on^ programmable rate memory unit coupled to said 
command receiver h^ans, each of said 4 programmable rate memory 
units for receiving <&nd storing a infusion rate input command 


I | corresponding to se 


notely selectable rate; 




f 


0 S 


rare ; A i> 


at least one limit control unit^each of ^ wh-i c 1 a 


| fixed rate limit; and 
i means for comparing each of 


lid infusion rate input 


J commands to a corresponding said fiked rate limit, infusion of 


I 


t 

L 


said medication at a rate exceeding sal$3 fixed rate limit being 
inhibited . 


A programmable infusion system in accordance with claim 



, further comprising command decoder means for coupling said 




at least one programmable rate memory to said command 

A 


Av 



L 


pi 


receiver means, said command decoder means for decoding said 
command* signals received by said command receiver means into 


i. 


said infusion rate inputs for receipt by and storage in said at 

least one programmable rate memory u* ixt. 

A A 



. A programmable infusion system in accordance with claim 

__ at Vo 

T wherein each of said limit control units Jts-ar hardwired . 

^ K ■ \ 




A programmable infusion system in accordance with claim 
further comprising means for generating an alarm signal 
when any infusion rate input command exceeds a corresponding 
fixed rate limit. 


Ml? 




A programmable infusion system in accordance with claim 
wherein said inhibiting means precludes infusion of said 
medication by said infusion means when the selected said 


commandable infusion rate exceeds said preselected medication 
infusion rate during a window *of time which shifts 0 

A 

continuously. 


Hi 




ifttt A programmable infusion system in accordance with claim 
wherein said inhibiting means precludes infusion of said 


medication by said infusion means when the selected §aid 
commandable infusion rate exceeds said preselected ^infusion rate 

during a window of time, which shifts' continuously. 

A 


582. A pi^grammable infusion system in accordance with claim 
571, wherein sa'i<i infusion means includes a pump means which 
. s jjexecutes in pulsesX.said inhibiting means comprising a 

programmable memory /oTcuse unit coupled to said command receiver 
iifor storing initially a number corresponding to a first maximum 



fnumber of infusion pulses pre 
If irst shifting maximum, time wind 


fleeted as allowable during a 

of a predetermined length. 


/ 
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pulse quantities being subtracted from said number stored in 
said programmable memory rate unit as infusion pulses are 
executed by\said infusion means, pulse quantities being added to 
said stored number as time elapses such that said number does 
not exceed said first maximum number, said subtraction and 
addition being accomplished in running integral fashion, said 
inhibiting means not permitting pulsing of said pump means a— 
numbe r^of^ti^ mes in\ excess of said^ number stored in said 
programmable memory\rate unit. 


583. A programmabl^ infusion system in accordance with claim 
582, wherein said memoiV rate unit also records the number of 
pulses which have been inhibited and causes said pump means of 


said infusion means to ex$ 


be subtracted from 

tv 

memory rate unit. 


cute said pulses when said pulses can 
said jrw fr h er stored in said programmable 


584. A programmable infusion system in accordance with claim 

582, wherein said programmable tpemory rate unit also stores 
clo'ic 6*v>*"*^ 

initially another^ number corresponding to a second maximum 

number of infusion pulses preselected as allowable during a 

second shifting time window of a predetermined length, said 

second shifting time window being longer in length than said 

first shifting time window, pulse quantities being subtracted 

from said another^ number stored in saig programmable memory rate 

unit as infusion pulses are executed b^\ said infusion mean's, 

pulse quantities being added to said ano\.her^ number as time 

elapses such that said another number doe$ not exceed said first 

/ 

maximum number, said subtraction and addition being accomplished 
in running integral fashion, said inhibiting means not 
permitting pulsing of said pump means a- numfc 


-Kv<. A (oj 

excess of said another t number stored in said 


-of - t imes- in 
rogrammable memory 


101 
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A programmable infusion system in accordance with claim 


wherein said rate memory unit also records the number of 
pulses which have been inhibited and causes said pump means of 
said infusion means to execute said pulses when said pulses can 
be subtracted fromT-said^ numbers stored in said programmable 

. A 

memory rate unit. 


0P" 


A programmable infusion system in accordance with claim 
wherein said inhibiting means further comprises at least 
one fixed infusion rate limit which limits the total maximum 
infusion rate of said infusion means. 


&TT a programmable infusion system in accordance with claim 
wherein said fixed infusion rate limit is hardwired. 


w 


A programmable infusion system in accordance with claim 
7 further comprising means for generating an alarm signal 
when any commanded infusion rate results in the inhibiting of 
pulsing of said pump means by said inhibiting means. 


J0& 


A programmable infusion system in accordance with claim 
*££€F, wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 


3^ 


tf. A programmable infusion system in accordance with claim 
further comprising command decoder means for coupling said 
command receiver means to said programmable memory rate unit, 
said command decoder means for decoding said command signals 
received by said command receiver means into said first and 
secontl^mnnbe^ of infusion pulses. 

A 


/] 0 
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S&f. A programmable infusion system in accordance with claim 
71, further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, said operational information including information 
pertaining to the functions of said inhibiting means, and means 
for receiving said telemetered operational information external 
to said living body. 


m 


A programmable infusion system in accordance with claim 


t 




wherein said infusion means includes means for pumping a 
preselected amount of medication into said living body, said 
infusion apparatus further comprising means for recording the 
rate at which pumping is effected by said pumfrin g means. 

A 


wr 


programmable infusion system in accordance with claim 
said recording means comprises: 
means for\storing the rate at which said pumping- means pumps 
b^d time period; 

a programmable input corresponding to a 
fminimum medicati&n_ in fusion rate; and 



c jkj 


c \ 

means for comparing the rate recorded by said 
means to the rate stored \in said^storing means. 

594. A programmable infus\on system in accordance with claim 
593, further comprising means for providing an alarm signal when 
^ |said rate recorded by said recording means is less than said f**^*'** 
Jp inimum medication infusion rate^. ^ x 

recCt^i ^Toryw* - 

•// 

A programmable infusion system in accordance with claim 
7 further comprising means for telemetering information 

|dedu^S^Hy said recording means out of said living body, said 

IS 

elemetry means being coupled to said recording means and means 



for receiving said telemetered 


itr j action ex 


external to said living 


H 
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. A programmable infusion system in accordance with claim 


-sfrT, wherein said recording means comprises : 

means for storing the rate at which s a i d^^ purn^ng . means pumps 
over a preselected time period; and 


means for storing the rate at which said 




I \ - A* 

signalled to pump over said preselected time period. 


means is 




~ J&rT? A programmable infusion system in accordance with claim 
further comprising means for comparing the rates recorded 
by both said storing means. 



a; A programmable infusion system in accordance with claim 


P , further comprising means for telemetering information 
deduce d by said comparing means out of said living body, said 

A 

comparing means being coupled to said telemetry means, and means 
for receiving said telemetered information external to said 
living body. 






A programmable infusion system in accordance with claim 
further comprising means for providing an alarm signal when 
the rate at which said^ pum^ fty means pumps is different than the 
rate at which said^p S^an g- means signalled to pump. 




W O t"" A programmable infusion system in accordance with claim 

512. 

59 -6*, further comprising means for telemetering information 
recorded by both said recording means out of said living body, 
betfcf'said recording means being coupled to said telemetry means, 
and means for receiving said telemetered information external to 
said living body. 

. £t~? 

,-60rT. A programmable infusion system in accordance with claim 
wherein said pump means executes in pulses, said recording 
means comprising a pulse rate detector comprising: 
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/ * means for counting the number of times said pumping m< 

t * A 

pumps over a preselected time period, said counting means 
storing the count; 


p • • 

\ . mini 


\ ^ minimum rate memory means for storing a programmable number 
input corresponding to a minimum medication infusion rate; and 
P means for comparing the number counted by said counting 

| l 

means with said programmable number input stored in said minimum 
rate memory means. 




A programmable infusion system in accordance with claim 
fi&T, further comprising means for providing an alarm signal when 
said count is less than said programmable number input stored in 
said minimum rate memory means. 


i2? 


A programmable infusion system in accordance with claim 
wherein said alarm signal comprises a subcutaneous 
electrical stimulation . 




A programmable infusion system in accordance with claim 
£9-27 wherein said counting means comprises a pressure 
transducer. 

£tf ' ' 

A programmable infusion system in accordance with claim 
further comprising means for telemetering information 
deduced by said comparing means out of said living body, said 
comparing means being coupled to said telemetry means, and means 
for receiving said telemetered operational information external 
to said living body. 


5& 

a 


programmable infusion system in accordance with claim 


wherein said pump means executes in pulses, said recording 
means comprising a pulse recorder comprising: 
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means 


means for counting the number of times said Dumping 

A 

pumps over a preselected time period, said counting means 
storing the count; and 


( \ means for counting the number of times said ^pum^i tgr 
commanded to pump over said preselected time period. 


means is 



A programmable infusion system in accordance with claim 
, wherein said pulse recorder further comprises means for 

SS^-r, 


comparing the 


recorded by both said counting means. 






A programmable infusion system in accordance with claim 
, further comprising means for telemetering information 

by said comparing means out of said living body, said 


comparing means being coupled to said telemetry means, and means 
for receiving said telemetered information external to said 
living body. 

sgf 

a J&'W'T A programmable infusion system in accordance with claim 
further comprising means for providing an alarm signal when 
said numbers recorded by both said counting means are different. 

A programmable infusion system in accordance with claim 
jS-W, wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 




SSL 


-6 lit A programmable infusion system in accordance with claim 


further comprising means for telemetering information 
recorded by both said counting means out of said living body, 
said recording means being coupled to said telemetry means, and 
means for receiving said telemetered information external to 
said living body. 





43 

i&tZZ A programmable infusion system in accordance with claim 


J&01T, wherein said first recited counting means comprises a 
pressure transducer. 




1 A programmable infusion system in accordance with claim 

further comprising means for maintaining the pressure 

\ 

within said medication reservoir at a pressure level below the 
internal pressure of said living body. 




S& 


CT - A programmable infusion sytem in accordance with claim 


b 


wherein said pressure maintaining means comprises: 

> 

I a flexible diaphragm which divides said medication reservoir 
into a medication chamber and a iiquid-vapor pool chamber; and 
a liquid vapor pool disposed within said liquid-vapor pool 
chamber, the proportion of liquid to vapor in said liquid-vapor 
pool varying in response to variations in the amount of said 
selected medication disposed in said medication chamber. 


S3 


/ 


__ -frT5T A programmable infusion system in accordance with claim 

32 # 

further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
infusion apparatus further comprising switch means disposed 
within said medication reservoir, said switch means being 
coupled to said telemetry means and being activated when said 
flexible diaphragm is disposed in a preselected relationship 
relative to said switch means, said telemetry means telemetering 
a signal indicative of such an operational condition to said 
telemetering receiving means. 

A programmable infusion system in accordance with claim 
-64r5^wherein said switch means is activated by pressure exerted 
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thereon by said flexible diaphragm, said pressure being less 
than the ambient pressure of said body. 




_ 53 ([ 


A programmable infusion system in accordance with claim 


^614, said infusion apparatus further comprising an antechamber 
through which access is gained to said medication reservoir, and 
a reservoir inlet valve located between said antechamber and 
said medication chamber, said reservoir inlet valve being 
operable -agtfif-when the pressure in said antechamber exceeds the 
pressure in Llie re u^ui v oil chamber by more than a predetermined 

A 

differential . 


A programmable infusion system in accordance with claim 
-&£TT wherein the volume of said antechamber is less than 10% the 
volume of said , goabEverir - chamber . 




furt 


tT A programmable infusion system in accordance with claim 
further comprising an inlet filter means operably disposed 
between said antechamber and said medication chamber for 
preventing impurities in said selected medication in said 
antechamber from passing into said medication chamber when said 
reservoir inlet valve is opened, said filter means also 
preventing said selected medication in said medication chamber 
from rapidly entering said living body in the event of a leak in 
said inlet valve. 

^ -fc-a-er A programmable infusion system in accordance with claim 
-5dr77 further comprising means for programmed pumping of 
fixed-volume pulses of medication into said living body. 


Si* 


A programmable infusion system in accordance with claim 
-5Jr7*7^further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
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l 


living body, means for receiving said telemetered operational 
information external to said living body, and means for 
injecting medication into said medication reservoir, said 
injecting means being coupled to said telemetry receiver means, 
and programming means coupled to said . tel cmo toeing means for 

A 

indicating when injection of medication into said medication 
reservoir is appropriate. 

JbT T. A programmable infusion system for providing medication 
to a living body* comprising: 

A 


J)i 


| j an infusion apparatus for implantation in said living body, 
said apparatus including 

^ p a medication reservoir for storing selected medication. 


h 

Y'j* means for infusing said selected medication stored in 


said medication reservoir into said living body, said infusion 

means having at least one remotely commandable operational 

characteristic and including means for pumping a preselected 

amount of medication into said living body, 

P'2,, means for recording the rate at which pumping is 

effected by said ^pum^ing - means, and 

A 


h 


^command receiver means coupled to said infusion means 
for receiving command signals; and 


p 

j j command source means external to said living body for 
transmitting said command signals to be received by said command 


receiver means. 




means fory storing a programmable input corresponding to a 

minimum medication infusion rate; and „ , . 

rr \ * i ' £*b r \ ». 

means for collaring the rate recorded by said recording* 

rcc-Hcil ^ 

means to the rate Stored in said storing means. 


*3 


"p‘ 


624. A programmableXin fusion system in accordance with claim 

623, further comprising means for providing an alarm signal when 

/Wiwft Af 

said rate recorded by said ^ncording ^ means is less than said 

i minimum medication infusion rate. 



i „ 


& 


£> 

& 


L 

t. 


\o*j 6 e-etf-vw 


...(rZS. A programmable infusion system in accordance with claim 


J7 further comprising means for telemetering information 
j dedu e ed by said recording means out of said living body, said 

A 

telemetry means being coupled to said recording means, and means 
for receiving said telemetered information external to said 
living body. 


Pi 



A programmable infusion system in accordance with claim 
J!j 6 - 2 ' 27 " wherein said recording means comprises: 
p| means for storing the rate at which said^ puri^jw^ means pumps 
over a preselected time period; and 

Pi means for storing the rate at which said ^pum^lng ' means is 

’ A 

signalled to. pump over said preselected time period. 

jry 3 

j $2rbT A programmable infusion system in accordance with claim 
j^^^further comprising means for comparing the rates recorded 
by both said storing means. 





Z A programmable infusion system in accordance with claim 


_ further comprising means for telemetering information 

. deduced by said comparing means out of said living body, said 
A 

comparing means being coupled to said telemetry means, and means 
for receiving said telemetered information external to said 
living body. 


?o 
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A programmable infusion system in accordance with claim 


further comprising means for providing an alarm signal when 
the rate at which said means pumps is different than the 


rate at which said 


means i#- signal led to pump, 
A 


Wr, 


A programmable infusion system in accordance with claim 


further comprising means for telemetering information 
recorded by ■b oth ’ said recording means out of said living body, 
-b oth said recording means being coupled to said telemetry means, 
and means for receiving said telemetered information external to 
said living body. 




s£7 

■ylT A programmable infusion system in accordance with claim 
T wherein said pump means executes in pulses, said recording 




means comprising a pulse rate detector comprising: 
j | means for counting the number of times said means 

A 

pumps over a preselected time period, said counting means 
storing the count; 

D . . 

!$ mlnlmum rate ntemory means for storing a programmable number 
input corresponding to a minimum medication infusion rate; and 
| | means for comparing the number counted by said counting 
means with said programmable number input stored in said minimum 
rate memory means. 


fits' 


A programmable infusion system in accordance with claim 

If 

Z} further comprising means for providing an alarm signal when 
said count is less than said programmable number input stored in 
said minimum rate memory means. 

A programmable infusion system in accordance with claim 
wherein said alarm signal comprises a subcutaneous 


electrical stimulation. 


Ill 





programmable infusion system in accordance with claim 
-63*2, wherein said counting means comprises a pressure 
transducer. 





J 


. A programmable infusion system in accordance with claim 
r, further comprising means for telemetering information 
deduced by said comparing means out of said living body, said 

A. 

comparing means being coupled to said telemetry means, and means 
for receiving said telemetered operational information external 
to said living body. 

A programmable infusion system in accordance with claim 
wherein said pump means executes in pulses, said recording 


means comprising a pulse recorder comprising: 

f, 


^ \ J means for counting the number of times said means 

A 

pumps over a preselected time period, said counting means 
storing the count? and 


f, 


t means for counting the number of times said ^ pum^ii ^ means is 

A 

commanded to pump over said preselected time period. 

J&T7 A programmable infusion system in accordance with claim 
^W^T^^herein said pulse recorder further comprises means for 
comparing the ; numb e r recorded by both said counting means. 

A 



A programmable infusion system in accordance with claim 

-6677 further comprising means for telemetering information 
-d educed - by said comparing means out of said living body, said 


comparing means being coupled to said telemetry means, and means 
for receiving said telemetered information external to said 
living body. 



63U7 A programmable infusion system in accordance with clain 


Sjr further comprising means for providing an alarm signal when 

said numbers recorded by both said counting means are different. 

-45'4'u. A programmable infusion system in accordance with claim 
wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 

s£7 

A programmable infusion system in accordance with claim 
(t 7 . further comprising means for telemetering information 
recorded by both said counting means out of said living body, 
said recording means being coupled to said telemetry means, and 
means for receiving said telemetered information external to 
said living body. 

<j42l A programmable infusion system in accordance with claim 
V J&^f^wherein said first recited counting means comprises a 
pressure transducer. 

^^6-43 .• A programmable infusion system in accordance with <|laim 
J&T, wherein one of said command signals transmitted by said 
command source means comprises a signal which corresponds to a 
selected operational rate at which said infusion means will 
infuse said selected medication into said living body. 


A programmable infusion system in accordance with claim 
further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, wherein 
said command source and said telemetry receiving means are 
embodied in a patient programming unit external to said living 
body, said patient programming unit having a plurality of 
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operational medication dose inputs each corresponding to a 
medication infusion rate selectable and requestable by the 


patient, said patient programming unit for selectively 

aru-W 

transmitting a command signal corresponding to a selected/'said 
medication dose inpu t:. 




1 A programmable infusion system in accordance with ilaim 


47 wherein said infusion apparatus further comprises 


/ 


electronic control means coupled to said infusion means and said 

command receiver means, said A olootric control means/ror 

A ^ 

maintaining a history of the infusion rate at which said 
infusion means has operated, said electronic control ‘means,, for 

A 

precluding the infusion of said selected medication by said 
infusion means if said rate requested by said patient 
programming unit exceeds a predetermined safe medication 
infusion rate based on said maintained history. 


36/ 


A programmable infusion system in accordance with claim 


wherein said electronic control means is coupled to said 
telemetry means, said patient programming unit including means 
for indicating to said patient if said selected infusion rate 
exceeds said predetermined safe medication infusion rate, said 


exceeds 


^ el e ctive control means selectively sending a signal to said 
indicating means via said telemetry means and said telemetry 
receiving means, said telemetry receiving means being coupled to 
said indicating means. 

• 5 “* 3 

a programmable infusion system in accordance with claim 

_ 5 ^ t 

wherein said patient programming unit further comprises 
annunciator means and visual display means for providing 
information regarding previously selected medication infusion 
rates, for indicating whether a proper programming of a 
presently requested infusion rate has been communicated to said 
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command receiver, and for selectively providing information as 
to the time and rate of previously selected medication infusion. 


T. A programmable infusion system in accordance with claim 
further comprising means for selectively supplying power to 
said command receiver means, said supply means being coupled to 
an external power source, said supply means being external to 
said living body, said infusion means being powered by an 
implanted power source. 




A. programmable infusion system, in accordance with 
claim JL4-8y wherein said supply means provides an alternating 
field. 

*G5tT. A programmable infusion system, in accordance with 

gljr 

claim wherein said infusion apparatus further comprises 

detector means for detecting said alternating field and for 
converting the same into electrical energy, said detecting means 
being coupled to said command receiver. 


&7 


-frSTT A programmable infusion system in accordance with claim 
£S#T wherein said infusion apparatus further comprises means for 
rectifying said electrical energy into a d..c. power signal. 

AT 

S&Z. Aprogrammable infusion system in accordance with 
claim jSs-lr, wherein said d.c. power signal is coupled to said 
implanted power source to effect the charging thereof. 

. A programmable infusion system in accordance with claim 
£0ft, further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
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telemetry means being coupled to said rectifier means and being 
powered by said d.c. power signal. 


9 


J76 


— A programmable infusion system in accordance with 
claim ^further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
telemetry means also being supplied power by said supply means. 


* 7 / 


jJWT A programmable infusion system in accordance with claim 
further comprising means for selectively recharging said 
implanted power source, said recharging means being powered by 
said supply means. 


Js?7- 



T A programmable infusion system in accordance with claim 


wherein said infusion means comprises a fluid handling 
mechanism, said fluid handling mechanism including said pump 
means, said operational information including information about 
the operation of said fluid handling mechanism. 


1 j/^ 6‘57 . A prbgxammable infusion system in accordance with claim 

^656, wherein th^^iqount of medication pumped by said pump means 
5 is controlled by a pre'asure limit in the said pump means. 



A programmable infusion system in accordance with claim 
wherein said pump means operates in a pulsatile mode. 


-659*1 A programmable infusion system in accordance with claim 
wherein said pump means pumps a fixed volume of said 
3 fselected medication each time said pump means is pulsed. 
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£&Qr. A programmable infusion system in accordance with claim 

. . .. 

wherein said pump, comprises variable volume means for 

A cCf Jj2 VYV-j 

storing said selected medication within said rpwrrp^mear^, an 

A 

increase in volume of said variable volume means permitting 
drawing of said selected medication into said pump means, a 
decrease in volume of said variable volume means permitting 
expulsion of said selected medication from said pump means- 


H2r 


tfiixr. A programmable infusion system in accordance with claim 

wherein said variable volume means comprises at least one 

flexible wall/ movement of saia flexible wall varying the volume 

* o* 


< p. J y Q ^ 

of said variable volume meansV and means for moving said*' 


flexible wall. 


'L 



X programmable infusion system in accordance with ^laim 

Ajt U+atr*** 

sr comprising spring means for urging said wall in a 


A 


anner whicn\ decreases the volume of said variable volume means, 
the magnitude o£ the force applied to and stored by said spring 
*,s the volume of said variable volume means 
{increases due to th$\displacement of said^ flexible wall thereof 
fby said moving meant" 


663. A programmable infusion system in accordance with claim 
662, wherein said^ flexible wal\ comprises a bellows assembly 
.{having mounted on one end thereof\a plate, the other end of said 
sbellows^ being in communication withN^aid selected medication, 
|the walls of said bellows^ serving as s\id spring means. 





■^64^ A programmable infusion system in accordance with claim 
wherein said plate has a surface in contact with said 
fselected medication when drawn into said variable volume means. 




\ \ i* \ A programmable infusion system in accordance with claim 

^ , wherein said bellows is inhibited from moving said plate 

j A. 

I i\ fwhen the pressure (p) in said variable volume means exceeds the 


’ispring force (F) of said bellows divided by the wetted area (A) 

; . A 

;.of said surface of said plate in contact with said selected 

F 

medication, that is when p > 


rogrammable infusion system in accordance' with claim 
vi-ng-mea-ns-oompr-irsee said plate be±-ftg_ 

disposed proximate to said plate, said 
pulsing magnetic field, pulsing of 
to be moved. 



P 1 


6 




‘6'tfT. A programmable infusion system in accordance with claim 
', wherein said plate comprises a permanent magnet. 

5W 

programmable infusion system in accordance with claim 
further comprising means for limiting the distance said 

Ow ^ 

plate can move in both rthe volume increasing direction and * bhe - 

A A 

volume decreasing direction. 

£BS~ 

A programmable infusion system in accordance with claim 


7 wherein said infusion means^further comprises: 

^ I an interface pressure ^ralu e through which said selected 
medication enters said variable volume means from said 
medication reservoir, said interface pressure valve being 
normally closed; 

Pj an outlet chamber which is in communication with said living 
body; and 

Pj an outlet pressure valve located between said variable 
volume means and said outlet chamber, said outlet pressure valve 
being normally closed, an increase in volume of said variable 
volume means causing said interface pressure valve to open and 
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medication to enter said variable volume means, a decrease in 
volume of said variable volume means causing said outlet 
pressure valve to open and said interface pressure valve to 
close, so as to permit medication to enter said outlet chamber 
as a pressure .pulse . 


A programmable infusion system in accordance with claim 

£<16 

Jv&f, wherein said outlet chamber comprises an elastic wall 


meaicaLion a 
'^said 

A — " 


having a fluidic capacitive effect on the flow of said selected 
medication and a filter element through which liquid flow to the 
body is resisted, said elastic wall and said filter 
comprising a fluid resistance - capacitance arrangement with 
respect to said flow of said selected medication from said 
outlet chamber into said living body. 


P> 


A programmable infusion system in accordance with claim 

6* 6 Q ; further comprising means for feeding said selected 
A 

medication into said living body from said pump means in a flow 
which decays exponentially over time. 

Sjz 

J&TT* A programmable infusion system in accordance with claim 
-6^7“ wherein said feeding means comprises a mechanical 
resistance (R) and a mechanical capacitance (C) circuit 
resulting in an exponentially decaying outflow of medication for 
each said fixed volume pulse. 

SfT 

<67 r: A programmable infusion system in accordance with claim 
-&OTV further comprising means for telemetering operational 
information pertaining to said , infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational informa tion ^oxt ended to said living body, wherein 
said infusion means further comprises an outlet chamber which is 
in communication with said living body, said pump means 
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expelling said selected medication into said outlet^ mean s y and 
means for monitoring the operation of said pump means, said 
monitoring means being disposed in said outlet chamber and 


^irovidng^ a signal in response to a pressure pulse in said outlet 
A * 

chamber caused by said pump means, said monitoring means being 
operably coupled to said telemetry means. 




A programmable infusion system in accordance with claim 


D 1 


ft? 

•&T3, wherein said monitoring means comprises a pressure 
transducer. 

£ 7 / 

A programmable infusion system in accordance with claim 
further comprising first means for indicating the operation 
of said pump means when a decrease in volume of said variable 
volume means is not followed by a signal from said monitoring 
means corresponding to a pressure pulse of said selected 
medication expelled into said outlet chamber, said first 
indicating means being operably coupled to said telemetry means. 

Si 

- t&TG* A programmable infusion system in accordance with claim 
-£-75, ""further comprising second means for indicating the operation 
of said pump means when a signal is provided by said monitoring 
means absent a decrease in volume of said variable volume means 

j a auo cc Vi D y mid l iny m nr n n. said second indicating means being 

operably coupled to said telemetry means. 


£$1 


y 






& 
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f7T A programmable infusion system in accordance with claim 
further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, means for receiving said telemetered 

operational^t^3Sfr4^^external to said living body, and means for 
monitoring the operation of said pump means , said monitoring 
means being operably coupled to said telemetry means. 


120 



rtf' 

YTZJ A 


9 _ 

&f%J A programmable infusion system in accordance with claim 
1? wherein said monitoring means comprises pressure sensing 
means disposed in the path of flow of said selected medication 
into said living body, said pressure sensing means providing a 
signal in response to a pressure pulse in said path of flow. 

programmable infusion system in accordance with claim 
Uprising first means for indicating the operation 
■>f said pump mean^jyhen a decrease in volume of said variable 
Ivolume means is nc^t^rol lowed by a signal from said monitoring 
jmeans corresponding to \ pressure pulse of said selected 
[medication expelled into sa^d outlet chamber, said first 
indicating means being operatil^ coupled to said telemetry means. 

A programmable infusion system in accordance with claim 
7" further comprising second means for indicating the 
operation of said pump means when a signal is provided by said 
/ § monitoring means absent a decrease in volume of said variable 
rl l VOlume means qa * * bU d ”ky ^uid moving moana, said second indicating 
|\ Imeans being operably coupled to said telemetry means. 





A programmable iafuslon system in accordance with claim 
ipr,- wherein one of said . remotely commandable operational 
^ha - sac to riotioo * comprises an infusion rate variable on command, 

( aid infusion apparatus further comprising means for inhibiting 

aid infusion means from infusing said selected medication if a 

h 

preselected medication infusion rate is exceeded, said 

I 

finhibiting means being operably coupled to said infusion means. 




0£ *. A programmable infusion system in accordance with claim 
r, wherein said inhibiting means comprises at least one means 
for defining a fixed infusion rate limit. 
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A programmable infusion system in accordance with claim 

, wherein said means for defining a fixed infusion rate limit 
A 

is hardwired. 




hob 

JS4H*. A programmable infusion system in accordance with claim 

- 5^7 

-Wf, wherein said preselected medication infusion rate is 
remotely selectable. 

Q6( 

A programmable infusion system in accordance with claim 
■otT*, wherein said preselected medication infusion rate comprises 
a remotely selectable rate and a fixed rate, said remotely 
r * selectable rate being limited by said fixed rate. 

| \ * l 686\ A programmable infusion system in accordance with claim 

k £ \ 

*; SBfi* wherein said inhibiting means comprises: 

at least\>ne programmable rate memory unit coupled to said 
command receiver^ means, each of said^ programmable rate memory 

. . . X . 

units for receiving- and storing ^ infusion rate input command 
| corresponding to ^y.o\remotely selectable rate; 

ntrol unit each of wharc h p r o v i -des a * ,j 


at least one limit 

\ fixed rate limit; and 

* 

i N 

| means for comparing each ^f said infusion rate input 

| commands to a corresponding saickfixed rate limit, infusion of 

I . \ 

| said medication at a rate exceeding said fixed rate limit being 

1 ^ 

I inhibited ^ 


t 

t 

L 


U3 


kf 

* — fcroTT, 


&&K A programmable infusion system in accordance with claim 

further comprising command decoder means for "cou^ing. said 

uuJdto A 

at least one programmable rate memory . tmi -^ to said command 

A 

receiver means, said command decoder means for decoding said 
command signals received by said command receiver means into 
said infusion rate inputs for receipt by and storage in.said at 
least one programmable rate memory unit. 


Tib 
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, J*mP/ A programmable infusion system in accordance with claim 

(pOQ — od jUxxad io 

J&««7 wherein each of said limit control units -aee- hardwired . 

* A A 

/ A programmable infusion system in accordance with claim 

further comprising means for generating an alarm signal 
when any infusion rate input command exceeds a corresponding 
fixed rate limit. 







A programmable infusion system in accordance with claim 
wherein said inhibiting means precludes infusion of said 
medication by said infusion means when the selected said 
commandable infusion rate exceeds said preselected medication 
infusion rate during a window of time which shifts 

K 

continuously. 


&6? 




A programmable infusion system in accordance with claim 
-W^^w^erein said inhibiting means precludes infusion of said 
medication by said infusion means when the selected said 


commandable infusion rate exceeds said preselected infusion rate 
during a window of time which shifts continuously. 

K 


CiMfggJL V*- 1 


X •' u _ 

OM 


A programmable infusion system in accordance with claim 


^681, wherein said pump means executes in pulses, said inhibiting 

j jr jlj means comprising a programmable memory rate unit coupled to said 

_v)\N/ . 1 j . \ • 

| command receiverx^or storing initially a^number corresponding to 

a first maximum number of infusion pulses preselected as 

allowable during a f^r^ shifting time window of a predetermined 

length, pulse quantities lining subtracted from said number 

[stored in said programmable rft^mory rate unit as infusion pulses 

jjare executed by said infusion me^ns, pulse quantities being 

|added to said stored number as tim^\elapses such that said 

|number does not exceed said first maxrrmim number, said 

^ subtr action and addition being accomplished in running integral 



fashion 


, ^id inhibiting means not permitting pulsing of said 

cdt -<JU. vJb- 

pump means -^—rmrnber^o f ■■ times in excess of^said^ number stored in 
said programmable memory rate unit. 


693, A programmable infusion system in accordance with claim 

692, wherein safd memory rate unit also records the number of 

pulses which have\been inhibited and causes said pump means of 

said infusion meanp to execute said pulses when said pulses can 

be subtracted from kaid number stored in said programmable 

A 

memory rate unit as A result of the elapse of time. 


694. A programmable^ infusion system in accordance with claim 

692, wherein said progija^lmable memory rate unit also stores 

initially another^num^egy Corresponding to a second maximum 

number of infusion pulses preselected as allowable during a 

second shifting time window\of a predetermined length, said 

second shifting time window b^ing longer in length than said 

first shifting time window, pii^se quantities being subtracted 
-bn*- 

from said ano the renumber stored\in said programmable memory rate 

unit as infusion pulses are executed by said infusion means, 

pulse quantities being added to skid another s- t -e r -ed number as 

yin*. 

time elapses such that said another^ number does not exceed said 
first maximum number, said subtraction and addition being 
accomplished in running integral fashion, said inhibiting means 

not permitting pulsing of said pump me\ins in 

^Vvv?r 

excess of said another^ number stored in\said programmable memory 
rate unit. 




6/D 


■6- 0 5t A programmable infusion system in accordance with claim 


J6&4? wherein said rate memory unit also records the number of 
pulses which have been inhibited and causes said pump means of 

said infusion means to execute said pulses when said pulses can 

eLe-*- 

be subtracted from, said M numbers stored in said programmable 

A ^ 

memory rate unit . 
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JG&G7 A programmable infusion system in accordance with claim 


wherein said inhibiting means further comprises at least 
one fixed infusion rate limit which limits the total maximum 
infusion rate of said infusion means. 

. A programmable infusion system in accordance with claim 
*&&&?* wherein said fixed infusion rate limit is hardwired. 





fed 


A programmable infusion system in accordance with claim 


*£^27 further comprising means for generating an alarm signal 
when any commanded infusion rate results in the inhibiting of 
pulsing of said pump means by said inhibiting means. 


L e 



>A 


<s i. A programmable infusion system in accordance with claim 


T, wherein said alarm signal comprises a subcutaneous 
electrical stimulation. 


Di v* 


WCT. A programmable infusion system in accordance with claim 

0/6 

further comprising command decoder means for coupling said 
command receiver means to said programmable memory rate unit, 
said command decoder means for decoding said command signals 
received by said command receiver means into said first and 


second^numbers of infusion pulses. 

-?£x7 A programmable infusion system in accordance with claim 
further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, said operational information including information 
pertaining to the functions of said inhibiting means, and means 
for receiving said telemetered operational information external 
to said living body. 
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A programmable infusion system in accordance with claim 


, said infusion apparatus further comprising means for 


generating a distinctive alarm signal pattern for each of a 
plurality of improper oporati -e n^ onditions . 




7 03^A\ programmable infusion system in accordance with claim 
wke*?e4n\sai J d alarm signal is— ded: ivered- to said living body 


" 7 *AcT 2 . wke**e4?n ^said alarm signal i 

, 1 \ 
subcutaneousl’ v 


704. A programmable infusion system in accordance with claim 
\sing means for detecting a. medication leak > 
means^ wherein one of said improper 


|703, further compr 
oupled to said al 



jLperatior^conditioifs comprises a medication leak out of said 
edication reservoir. 


$ 705. A programmable inrusion system in accordance with claim 

I \ 

)tl 1703, further comprising meana for detecting a body fluid leak 

fl (K \ 

* |c oupled to said alaxm means ^wherein one of said improper 

i j ^ a ^ \ 

I operation^ conditions comprises a\leak of body fluids into said 
f, | I infusion apparatus. 


706. A programmable infusion system in accordance with claim 
703, further comprising means for detecting the rate at which 
j | said infusion mean^ is operating coupled to said alarm A means, 

| wherein one of said improper operation conditions comprises J 

i i\ ^ 

^operation of said infusion means at an improper rate. 


I 707. A programmable infusion system in accordance with claim 

I \ JL 

|703, wherein one of said improper^ opera tion^ond it ions comprises 
ireceiving of a command by said command receiver which cannot be 


| executed. 
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708. A programmable infusion system in accordance with claim 


ou 


703, further comprising^ battery means for powering said infusion 
means and means for determining the voltage of said battery , 

coupled to said alarm^means^ wherein one of said improper 
operation^ condition* Comprises low battery A voltage. 


709. A programmable\infusion system in accordance with claim 
703, further comprising 

medication disposed in ^art^ reservoi^ coupled to said alai?m^ 
means wherein one of said irrlproper operatior^conditions 
comprises a preselected amount of medication remaining in said 
medication reservoir. 


ans for detecting the amount of . 

ri 


7 


Di 


710. A programmable infusion System in accordance with claim 
702, JEurther^ comprising means for detecting a medication leak^ 

of said improper 


5°^' coupled to said alarm A means^ wherein 


operation^ conditions comprises a medication leak out of said 
medicaLioir - T ' gsoigvoir ^ 


711. A, programmable infusion system in accordance with claim 
702, furtherXcomprising means for detecting a body fluid leak 
$*** coupled to saia\alarm means wherein one of said improper 


operation conditic 
infusion apparatus. 


comprises a leak of body fluids into said 


712. A programmable 


fusion system in accordance with claim 


702, further comprising means, for detecting the rate at which 
said infusion means is operating, coupled to said alarm A means, 

A\ ^ 

wherein one of said improper operation^ conditions comprises 
operation of said infusion means at an improper rate. 


713. A programmable infusion system . irK accordance with claim 
702, wherein one of said improper operationVbonditions comprises 
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\ . 

x' receiving of a command by said command receiver^ which cannot be 


executed . 


714. A programmable infusion system in accordance with claim 
702, further comprvfeing^battery means for powering said infusion 
means and means for determining the voltage of said battery £****~'- J 


^ coupled to said ala] 


A 

operation^ conditions 

is 


arm means ^wherein one of said improper 


rises low battery^ voltage. 


715. A programmable innusion system in accordance with claim 
702, further comprising mearfs for detecting the amount of 


e tec ting tne amount or ^ / 

i X- * ~ X A ^ 1 J J 


medication disposed in said reservoirj^coupled to said alarm /L 
means wherein one of said improper operation^onditions 
comprises a preselected amount of medication remaining in said 


A 


-T-ftf. A programmable infusion system in accordance with claim 

UW 

— 70-2 - , further comprising means for simulating said improper 
operational conditions for test purposes. 

d3 

-717. A programmable infusion system in accordance with claim 
further comprising means for maintaining the pressure 
within said medication reservoir at a pressure level below the 
internal pressure of said living body. 


tit 


*718“: A programmable infusion sytem in accordance with claim 


7-lTr wherein said pressure maintaining means comprises: 

a flexible diaphragm which divides said medication reservoir 
into a medication chamber and a liquid-vapor pool chamber; and 
a liquid vapor pool disposed within said liquid-vapor pool 
chamber, the proportion of liquid to vapor in said liquid-vapor 
pool varying in response to variations in the amount of said 
selected medication disposed in said medication chamber. 



128 



pi 


t 

u 


K A programmable infusion system in accordance with claim 
f/ further comprising means for telemetering operational 
information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, said 
infusion apparatus further comprising switch means disposed 
wittfin said medication reservoir, said switch means being 
coupled to said telemetry means and being activated when said 
flexible diaphragm is disposed in a preselected relationship 
relative to said switch means, said telemetry means telemetering 
a signal indicative of such an operational condition to said 
telemetry receiving means. 

> - -^2'G. A programmable infusion system in accordance with claim 
wherein said switch means is activated by pressure exerted 
thereon by said flexible diaphragm, said pressure being less 
than the ambient pressure of said body. 




. A programmable infusion system in accordance with claim 

M&>~said infusion apparatus further comprising an antechamber 
through which access is gained to said medication reservoir, and 
a reservoir inlet valve located between said antechamber and 
said medication chamber, said reservoir inlet valve being 
operable when the pressure in said antechamber exceeds the 

pressure in -thy— il-u i j chamber by more than a predetermined 

A 

differential. 






A programmable infusion system in accordance with claim 


xur. wherein the volume of said antechamber is less than 10% the 


volume of said i'Ljei vuii chamber. 

A 


63a 

TZZrtrA 


programmable infusion system in accordance with claim 

& 

, further comprising an inlet filter means operably disposed 


L 


V- 


/ 
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between said antechamber and said medication chamber for 
preventing impurities in said selected medication in said 
antechamber from passing into said medication chamber when said 

A 

inlet valve is opened, said filter means also preventing said 
rosorvcH-r selected medication in said medication chamber from 
rapidly entering said living body in the event of a leak in said 
inlet valve. 


t 


& 



-2 A programmable infusion system in accordance with claim 


l, further comprising means for programmed pumping of 
fixed-volume pulses of medication into said living body. 


Hi 


A programmable infusion system in accordance with claim 


J&ZT, further comprising means for telemetering operational 


information pertaining to said infusion apparatus out of said 
living body, and means for receiving said telemetered 
operational information external to said living body, and means 
for injecting medication into said medication reservoir, said 
injecting means being coupled to said . ^l i imcUfi ' ing - receiver 

A — 

means, and programming means coupled to said ^olGmotexeii g means 

A 

for indicating when injection of medication into said medication 
reservoir is appropriate. 


rT A programmable infusion system in accordance with claim 
fT* further comprising means for injecting medication into said 
medication reservoir, said injecting means being coupled to said 
^/telemetering receiver means, and programming means coupled to ^ 
said t elemeterin g means for indicating when ejection of ^ 
medication into said medication reservoir is appropriate. 
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